


















Volume XXXVIII 


THE MATHEMATICS TEACHER 


Number 2 


Edited by William David Reeve 





Why Teach Mathematics?’ 


By H. Van ENGEN 
Iowa State Teachers College, Cedar Falls, Iowa 


Durine the past decade, certain areas 
in the curricula of the common school have 
been relatively static while other areas 
have been modified, in some cases, to the 
extreme. In the first few grades of the ele- 
mentary school one finds numerous 
changes that have taken place and are still 
taking place. Many of these changes are 
indeed significant, particularly in arith- 
metic. In the middle elementary grades 
one finds a diminishing of the number and 
importance of the changes as compared 
with those of the lower grades. Again in 
the junior high school much has been done 
to adapt materials to the needs of the age. 
In mathematics adjustments have been 
made particularly at this level. Yet in spite 
of the fact that the mathematics of the 
junior high school has been modified to 
meet the needs of general education, one 
finds the attacks continuing, especially 
those directed at tenth grade mathematics 
which has not been altered as much as the 
ninth grade program. 

With all these attacks on the subject, 
the question of the place of mathematics 


' This is a portion of a report bya committee 
on the mathematics situation in lowa Secondary 
Schools. The Committee consists of: R. L. 
Burch, Supt. Hudson Public Schools, Hudson, 
Iowa; Mary Gibbs, formerly teacher of Mathe- 
matics at Vinton, Iowa; Dr. Ruth Lane, for- 
merly teacher of Mathematics at the University 
High School, Iowa City, Iowa, now at Marys- 
ville Teachers College, Marysville, Missouri; 
and Dr. H. Van Engen, Chairman, Head of the 
Department of Mathematics, Iowa State 
Teachers College, Cedar Falls, Iowa. 


in the high school program should cause 
thoughtful teachers and administrators to 
ponder its values. In order to assist in this 
thoughtful consideration, some of the con- 
tributions of mathematics to modern civil- 
ization are presented below. 

Ever since the medieval ages when sci- 
entific man borrowed the assumption of a 
rational universe from the Christians of 
the Dark Ages, he has found that mathe- 
matics is an essential language for the de- 
scription of the relationships found in this 
universe which he assumed to be rational. 
For example, Galileo, in his study of fall- 
ing bodies found it essential to have a 
method for expressing the relationship be- 
tween time and distance. Mathematical 
symbolism was the answer, although at the 
time of Galileo this symbolism had not 
been perfected and hence his studies were 
to that extent impeded. The work of sci- 
ence in the medieval ages brought mathe- 
matics to the front because man saw how 
essential it was for the further study of the 
world about him. 

The importance of this assumption of 
the rationality of the universe cannot be 
over-emphasized, since, after the scien- 
tists of the medieval and early modern age 
had shown how this basic assumption to- 
gether with mathematics had simplified 
the explanation of the physical phenom- 
ena, men like Rousseau generalized this 
concept to include the moral laws of man- 
kind under this same principle of the 
rationality of man. Previously, political 
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institutions and moral laws had been con- 
sidered as having been established by the 
power of God. Thus ended “The divine 
right of kings.’”’ Hence, mathematics had 
an important part in directing the thought 
of mankind along the lines which men of 
democratic nations of today are thinking. 
Indeed, mathematics in the sixteenth, 
seventeenth, and eighteenth centuries 
through Descartes, Kent, Hobbes, Bacon 
and others directly influenced the thinking 
of that day as it has never done (directly) 
since. 

Space will permit giving but one more 
illustration of how the sciences, and 
mathematics in particular, have molded 
the thinking of the common man. 

Newton in his work on gravitation pos- 
tulated absolute motion and absolute 
time. Under these assumptions he found 
that the language of mathematics gave a 
better picture of the universe than did any 
other group of postulates which have been 
set forth up to his time. This method of 
interpreting the universe was in tune with 
the thinking of an age which thought in 
terms of absolute right, absolute justice, 
absolute wrong and a multitude of other 
absolutes. A few hundred years later one 
finds the denial of such concepts as ab- 
solute motion and absolute time by the 
mathematician and physicist opening the 
door to the denial of some of the absolutes 
in our moral and religious codes thereby 
bringing about a social concept which 
holds that acts of man are right or wrong 
only when considered relative to the com- 
mon good of the individual and the group. 

Here then are at least two instances in 
which the thought of the mathematician 
and scientist have influenced the whole 
trend of thought of the human race as re- 
gards their whole philosophy of life and 
their picture of the world. 

The part that mathematics has played 
in molding the mind of man is discussed 
by Shaw? as follows: 


2 Shaw, Charles G. Trends of Civilization and 
Culture. American Book Company, New York. 
1932, p. 274, 


As we have seen, the beginning of modernity 
appeared in printing, painting, and voyaging, 
but it was not the book, the picture, or the map 
that was to represent the modern mind. The 
modern mind was to express itself by a formula. 
Hence it would hardly be amiss to state that 
modernity, with all the versatility of its mind 
and variety of its ramifications, was made by 
mathematics, the application of mathematics to 
nature and human existence. 


Even though mathematics teachers 
have, in general, not taken advantage of 
the opportunities to acquaint the pupils 
with the part that mathematics and the 
sciences have played in the intellectual de- 
velopment of mankind, this objective re- 
mains highly worth while. Certainly the 
secondary schools must attempt to ac- 
quaint the laymen of tomorrow with the 
broad political and intellectual trends of 
yesterday and today. This must be true 
because education must connect man with 
man. It must connect the man of today 
with the man of today as well as with the 
man of yesterday and with the man of to- 
morrow. 

Rugg*® has expressed this idea very 
clearly: 


But we shall combine them (the chief politi- 
cal movements in European History) with a 
brief reference to the related geography, eco- 
nomic, intellectual and aesthetic movements and 
factors to remind the curriculum-designer that 
they all should be integrated into a cultural his- 
tory. 


Among these factors which should be 


integrated, Rugg’ mentions: 


Advances in measurement, mathematics, 
and sciences. The astonishing movement of 
original invention that led in the 1500’s and 
thereafter to the construction and use of physi- 
cal measuring instruments. The perfection of 
algebra, geometry, calculus, and other forms of 
higher mathematics, the evolution of the sci- 
ences and the systematic development of the 
scientific method of inquiry, of the powerful 
role of these as instruments for increasing the 
precision of thinking and of their relation to the 
new moods that seized man’s minds, of these 
things we must say more. 


If the study of mankind is a legitimate 
objective for the secondary schools thea 


* Rugg, Harold E. Democracy and the Cur- 
riculum. Third Yearbook of the John Dewey 
Society. D. Appleton-Century Company, New 
York, 1939, p. 52. 

‘ Rugg, Harold E. Ibid. 
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how can one omit areas which have been of 
major interest to mankind throughout the 
ages? As was said before, one of our ob- 
jectives was to connect man with man, 
to show what man has done and what 
man ean do. If this is granted, man’s fight 
to conquer the problem of measurement, 
his efforts to develop a language which 
would enable him to adequately organize 
the quantitative aspects of his daily life 
and of the physical universe about him, 
these all should have a part in the curricu- 
lum of today. As Rugg said in the above 
quotation, “...of these things we must 
say more.” 

The Educational Policies Commission’ 
expresses their point of view: 

... the free man has basic knowledge of the 
history of mankind... with his creation of 
language and number...and his search for 
truth, justice and beauty, his creation of art, 
religion, science, and philosophy... . 

The fact that mathematics has been 
found to be a necessary language for the 
description of the changes and relation- 
ships that occur in the universe is one of 
the big reasons for including it in second- 
ary education. It has not only been found 
to be a necessary language in the past, as 
we have pointed out, but it is essential for 
living in the technical world of today. All 
about us is a world of change and a world 
of relationships, both quantitative and 
qualitative. To adequately understand 
these changes which occur in the physical 
universe one must have a command of the 
basic symbols and ideas necessary for ex- 
pressing these ideas clearly. This language 
which once was the tool of only the scien- 
tist, today is the language of a large group 
of people because its characteristics make 
it indispensable in many lines of work. The 
language of the machinist of today in- 
volves ideas of measurement, formulas, 
equations and the relationship between 
operations. The same can be said for the 

* Educational Policies Commission. The 
Education of Free Men in an American De- 
mocracy. National Education of the U. S. and 


American Association of School Administra- 
tors, Washington, D. C. 1941. 


chemist, physicist, many biologists, mete- 
orologists, aviators, radio operators, elec- 
tricians and others without end. In one 
aspect or another these people have need 
of the language of mathematics developed 
in the past thousand years. They have 
need of its methods of thought and its 
clarity in expressing relationships. 

The very fact that mathematics fur- 
nishes a language and a method of thinking 
about quantities needed in many vocations 
and avocations would be reason enough for 
including mathematics in a general educa- 
tion program. However, there is yet an- 
other point which cannot be lost sight of 
when considering the values of the subject. 

Professor Bryson‘ says: 

We still must decide what questions are to 
be referred to technically trained servants of the 
people and what can only be decided by the re- 
sponsible thinking of those concerned. The best 
way to make such choices, which become 
weightier and more crucial as our civilization 
develops, is to know how the experts think, to 
sympathize with their habits and to use, when 
we call them in, the same clear objective thought 
that we expect them to use in carrying out our 
orders. And for what we still must decide our- 


selves, we need to imitate the trained mind as 
well as we can. 


This is an extremely important point. 
A society cannot stand which consists of a 
collection of specialized groups with no 
common methods of thinking and groups 
not understanding the methods of pro- 
cedure or problems or general objectives 
of other groups. Basically, unity of culture 
and unity of purpose are based upon com- 
mon understanding, common __back- 
grounds, common interests, common pur- 
poses and mutual sympathy. In the tech- 
nical society in existence today the lay- 
men, man and woman, must have some 
acquaintance with the methods of the 
specialist and the needs of the specialist. If 
this understanding does not exist, how can 
we suppose that the layman will continue 
to support the specialist in all of his needs? 
If our boys and girls are taught that 
mathematics is necessary only for the en- 

* Bryson, Lyman. The New Prometheus, Pi 


Delta Kappa address, The Macmillan Com- 
pany. New York. 1941, pp. 45-46. 
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gineer and the few who become mathe- 
maticians, when they become adults will 
they be willing to support institutions 
which support mathematics? Is it possible 
that a utilitarian philosophy of education, 
which pays premiums for material useful- 
ness only, will become so firmly established 
in our system and will so misguide our 
citizens that future generations will refuse 
to support not only mathematics but also 
many other areas of learning on the false 
premise that these learnings are not use- 
ful? It seems that the educators might well 
ponder the values mentioned in the previ- 
ous quotation from The New Prometheus. 

The historian Lynn Thorndike’ raises 
this question in the following manner: 

Can we have only a caste of intellectuals, as 
in China and India? Will the popular de- 
mands, vulgar tastes, and utilitarian attitude 
lower everything to its own level and swamp 
civilization? Or is civilization now unfolding in 
more varied flower than ever before with more 
individuals of high rank in each field and with 
an ever-increasing public following which is able 
to appreciate their work? 

It is also possible to take a long time 
view of the needs of society insofar as 
mathematics is concerned. With the pres- 
ent emphasis on the technical lines of work 
more and more professions are being 
touched by the necessity for the use of the 
mathematical language. The world of fifty 
years from now will certainly be more 
technical than the world of today. Ac- 
companying technical aspects, there is also 
the need for the language of mathematics. 
Past generations have found the need for 
mathematics ever increasing. Is it not 
possible that the future generation will 
find even more use for mathematics? What 
reasons do we have to believe that this 
ever-increasing need should suddenly have 
ceased in the decade following 1930 as 
some people seem to believe? In the 14th 
and 15th centuries, it was not thought 
necessary that the layman should know 
the number system that every second 
grade pupil of today must know. It was 


7 Thorndike, Lynn. Short History of Civiliza- 
tion, F. S. Crofts and Company. New York. 
1926, pp. 548-549. 


absolutely inconceivable four hundred 
years ago that the layman could ever 
learn how to multiply and divide, and yet 
today our ten and twelve year old children 
know how to do the impossible of four 
hundred years ago. Are we sure that the 
crystal-gazing whick tells us mathematics 
is not necessary is at all reliable? 

This brings us very close to the argu- 
ment that mathematics is too hard for the 
average student of today. As an answer, 
may we quote from a publication of the 
Educational Policies Commission. Dr. 
John K. Norton® says: 

Denial of educational opportunity, based 
either on assumed lack of native capacity or 
diligence and effort, needs to be critically ex- 
amined. Some have always emphasized the in- 
nate shortcomings of the masses of mankind. 
Reading, writing, and arithmetical computations 
were once the basis of occupational preferment 
on the part of a small fraction of the population. 
It was thought that only the intellectually elite 
could absorb training in these skills. Now prac- 
tically all learn to read, write, and cipher, and 
make daily use of these important tools, 


Will the idea of the balance of an equa- 
tion, the formula, positive and negative 
numbers, a real understanding of per- 
centage, the table and graph be important 
understandings for the world of tomorrow? 
Will a technical civilization which, as Dr. 
Norton has pointed out, demand that we 
read, write and compute (tasks thought 
impossible for the layman of a few years 
ago) also demand measurement, the for- 
mula and the equation as it becomes more 
technical? H. G. Wells® has an answer to 
this latter question. He says: 

The new mathematics is a sort of supple- 
ment to language, affording a means of thought, 
about form, and quantity and a means of ex- 
pression more exact, compact, and ready, than 
ordinary language. ... The time may not be 
remote when it will be understood that for com- 
plete initiation as an efficient citizen of the new 


complex world-wide states that are now de- 
veloping, it is necessary to be able to compute, 


8 Norton, John K. Education and Economic 
Well Being in American Democracy, National 
Education Association and the American Asso- 
ciation of School Administrators. Washington, 
D. C. 1940, pp. 123. 

® Wells, H. G. Mankind in the Making 
Charles Scribner’s Sons, New York, 1918, p. 192 
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to think in averages maxima and minima as it 
is now understood to be necessary to read and to 
write. 

The above are arguments which deserve 
thoughtful consideration. No extended dis- 
cussion need be entered into to impress on 
the informed individual that in times of 
crisis such as this, the demand is even 
greater for laymen who are informed as to 
the language of the technician. In our civil- 
ization, it is imperative in times of great 
national effort that men and women have 
a basic understanding of the more ele- 
mentary techniques of the specialist. In 
times of peace we need these elementary 
techniques to enable civilization to con- 
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tinue its progress to newer heights. They 
should be in the secondary curricula be- 
cause as P. W. Bridgeman” says: 

It may, however, well require generations of 
intensive education before the rational princi- 
ples of thought which are necessary for dealing 
with the simple situation of physics are in- 
tuitively grasped and instinctively applied to 
the complex situation of social life. 

The elementary techniques of mathe- 
matics and science must not disappear 
from our public schools. Certainly future 
generations will wish to apply then to com- 
plex social situations. 


10 Bridgeman, P. W. The Nature of Physica 
Theory. Princeton University Press. 1936, p. 4 





The General Federation of Women's Clubs 
Metric Resolution 


At the Annual Convention of the General Federation of Women’s Clubs held April 25-28, 1944 
in St. Louis, the following resolution was introduced and adopted unanimously by the delegates. 
This organization represents 16,500 clubs and 2,500,000 individual members. 

WHEREAS, the irregular, numerous, unwieldy, and complicated units of weights and measures 
used in the United States and Great Britain are a hindrance to the teaching of arithmetic, every 
day commercial transactions, and world trade, and 

WHEREAS, the metric system of weights and measures has only three units; meter, liter, and 
gram, interrelated and decimally divided like our dollar, and 

WHEREAS, the metric system is now used in the United States in science, some factories, 
jewelry and optical industries, all electrical and radio measurements, athletic events, some hospitals 
and government departments, and especially at present in the manufacture of ammunition, and 

WHEREAS, the Council on Pharmacy and Chemistry of the American Medical Association has 
recently decided that henceforth it will use only the metric system, and 

WHEREAS, the gradual introduction of the metric system in this country (exactly as it has 
been introduced in 55 other countries) is feasible, and 

WHEREAS, the full adoption of the metric system by the United States would be of great 
benefit to this country in post-war reconstruction, in promoting international commercial relations, 
particularly with the countries of Latin America, Continental Europe and Asia, therefore be it 

RESOLVED, that the General Federation of Women’s Clubs in Convention assembled, April, 
1944, endorses legislation in Congress for the nation-wide adoption of the metric system of weights 


and measures. 


The foregoing resolution was drawn up and presented by Eleonore F. Hahn (Mrs. Otto Hahn) 


Member of the Board of Directors of The General Federation of Women’s Clubs. 








Do | Have to Take Mathematics? 


By Sister Noe, Marie 
College of Saint Rose, Albany, N. Y. 


Tus too frequently repeated question 
puts mathematics in the same category as 
spinach. Why spinach? Because of the 
young American who used to wail (before 
the days of Pop-Eye), ‘Do I have to eat 
spinach?” I wonder if the answer for both 
questions is, “Yes, it is good for you.” 
Judging by the number of high school 
graduates who are making application to 
enter college and who have had a mini- 
mum of mathematics in secondary school, 
many principals and guidance directors do 
not think mathematics at all necessary for 
the intellectual life of their students. 

There is no necessity for expounding 
here on the merits of mathematical study. 
Teachers of mathematics know those ad- 
vantages. They know them, but is it not 
true that sometimes they do not see the 
forest for the trees? So many of our pupils 
are merely animated computing machines. 
Take the problem of solving simultaneous 
linear equations. Textbooks often group 
the pairs of equations with a bracket. I 
have seen pupils who are at a loss how to 
proceed if that bracket is missing. To 
them, “Solve for z and y” (with the aid of 
a bracket) has no connection with, “Find 
a value of z and y that satisfies both equa- 
tions,” or “What are the coordinates of 
the point of intersection of these two 
lines?” In the same category fall problems 
that require a graphical solution. So ac- 
customed are they to plotting functions of 
the form y=az?+bz-+c that they are at 
a loss how to begin plotting az*—br—c—y 
=(. These pupils do not belong, either, to 
the group that is incapable of learning 
mathematics. They are the better type 
pupil. Paul R. Neureiter said in the May 
1944 issue of THE MATHEMATICS TEACHER, 
“|... it is not uncommon for the college 
teacher to see a skillful operator in algebra 
suddenly committing a mathematical 
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atrocity with the blithe air born of inno- 
cence.”’ They lack an awareness of what 
each problem implies. 

What are the results of this situation, 
other than the momentary exasperation 
of the teacher? Note the number of 
“mathematical proofs” that have been 
appearing in newspapers and magazines. 
Advertisers, seizing on this blind spot of 
the average citizen, quote figures and more 
figures to prove that their product is the 
best. One cleanser ‘‘cleans 34 more bath- 
tubs per can than any other leading 
cleanser.”” If you do not use a certain 
dentrifice ‘‘your chances are 8 in 10 that 
you will risk cavities.”” And it may be 
proved that by using a particular soap 
that “2 out of 3 women may have more 
beautiful skin in 14 days.” 

The group that really proves everything 
by means of figures is the “‘cause” group. 
They make (so-called) statistical surveys 
to show that they must be right because 
such-and-such a percentage of people 
think as they do. Even highly educated 
people accept these “findings” as true. 
They lack a critical discernment whenever 
numbers are quoted. If we are making 
plans to teach “social mathematics” in the 
post-war period, why not include a unit to 
mathematically condition our future citi- 
zens? 

In an address delivered under the aus- 
pices of Phi Beta Kappa, December 29, 
1940, and printed in the American Scholar 
Walter Lippmann made a sweeping indict- 
ment of modern education. He asserts that 
“what is now required in the modern edu- 
cational system is not the expansion of its 
facilities or the specific reform of its cur- 
riculum and administration but a thor- 
ough reconsideration of its underlying as- 
sumptions and its purposes.” At present 
John Q. Citizen is woefully lacking in an 
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understanding of what constitutes a ures. According to Carlyle, “The best edu- 
mathematical proof. The awe with which cation is to train rather than to stock the 
he regards a teacher of mathematics is mind.” Using his definition as a criterion, 
amusing until we see him completely hood- are we teachers of mathematics giving the 
winked by those who take advantage of best education? 

his unfamiliarity with and his fear of fig- 
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Using Geometry in Algebra 


By Joun H. Wuite 


Adelphia Academy, Brooklyn, N. Y. 


THE recent demand for instruction in 
navigation has brought out the value of 
scale drawing in actual computation. In 
many instances it is possible to secure the 
answer to a navigation problem by scale 
drawing in a few minutes whereas calcula- 
tion by means of logarithms would take 
much longer and would involve trigono- 
metric manipulations beyond the grasp of 
the average student. It is true that the 
answer is not accurate to more than two 
significant figures, but a pilot seldom re- 
quires greater accuracy than this, and to 
him every second counts. 

There is one class of problems the solu- 
tion of which is unique and of particular 
interest. The solution of this class of prob- 
lems may be extended to many practical 
problems leading to the same type of equa- 
tion. A pilot is interested in getting back 
to his base as well as in reaching his des- 
tination. He wishes to find out how far 
from his base he may fly and still return 
within an hour. This distance is called his 
radius of action. The algebraic solution 
would be: 

Let x be his rate out in miles per hour, 
y his rate back in miles per hour, and r his 
radius of action in miles. Since the time 
out plus the time back equals one hour, 
the equation would be: 

ror > 
=1 or —=—+—.- 
xr sy Y 2 » 

The graphic solution is so simple that it 
can be understood by any student in a 
very short time. Take any working line 
and on it select two points, A and B, at 
random. Erect perpendiculars to this line 
at these points, and mark off AC equal to 
the rate out and BD equal to the rate back. 
If we now draw CB and AD they will in- 
tersect at a point #, the perpendicular dis- 
tance to which is the radius of action 
(Fig. 1). 
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The proof of this construction is a nice 
problem in geometry. Since AABC and 
ABEF are similar, 
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x m+n 


and since AADB and AAFF are similar, 
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Adding these two expressions we have, 


zr sy 


which is exactly the same relationship we 
obtained algebraically. 

Inasmuch as this construction applies 
equally well to any problem whose solu- 
tion leads to a simple reciprocal equation 
I have outlined several practical illustra- 
tions of this method. 

Ex. 1. If we have a spherical concave 
mirror at M (Fig. 2), a source of light at S, 
and the focus at F, the image appears at 
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Q. If distances are all measured from \, 
the following law has been shown to hold 
true. 
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Incidentally, this is an excellent exercise 
in similar triangles. The graphic solution 
of this equation is shown in Fig. 3. 








Fig. 3 


Ex. 2. The resistance equivalent to sev- 
eral resistances in parallel, if there are no 
emfs in the various branches, is given by 
the equation: 
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Ex. 3. The conductance equivalent to 
two conductances in series when there are 
no emfs in the path, is given by: 





l l l 
rh ge 
A, x 
a 
Xa 








Ex. 4. The capacitance, equivalent to 
several condensers in series, is given by: 





Ex. 5. Every algebra book contains 
work problems. They are usually con- 
sidered the hardest type of verbal prob- 
lem in that they involve reciprocals. For 
example: 

If A can do a job in 4 days, and B can 
do the same job in 5 days, how long will it 
take them to do the job together? If z 
equals the time required, the algebraic 
equation becomes: 

=z .s8 1 1 l 
— =—_+— ° 
4 5 z 4 5 


Fig. 5 shows the graphic solution. 
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Ex. 6. In each of the examples above we 
were restricted to two terms on the right. 
It often happens that we have several re- 
sistances in parallel and wish to measure 
their combined effect. The equation might 
then be: 
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in which case the solution would be as in 
Fig. 6. 

Ex. 7. The graph is also interesting from 
the point of view of change. If y remains 
fixed and z increases it can be shown that 
x approaches y or that 1/z approaches 0. 
If z and y both increase, x increases. If z 
and y both decrease, x decreases. An op- 
portunity is afforded to present variation 
and change in a different light and in a 
manner convincing to elementary stu- 
dents. See Figs. 7 and 8. 
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Ex. 8. Up to this point we have re- 
stricted our examples to positive values. 
We often have an equation in the form: 


» & § 


s 2 # 


If we agree to take values above the line 
as positive and those below the line as 
negative, there is no inconsistency in the 
solution. We notice that if y is greater 
than z, the value of z is positive as it 
should be (Fig. 9). If y equals z, there is no 
solution because the lines are parallel and 
do not intersect. This illustrates the prin- 
ciple that 1/z equals 0 has no solution. If 
y is less than z the value of z is negative as 
it should be. 
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Ex. 9. The focal length of a convex lens | 


can be computed by experiment. But to 
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find the focal length of a concave lens, it is 
necessary to make use of a convex lens 
whose focal length, f, is known. We can 
then measure the combined focal length, 
F, and compute the focal length, g, of the 
concave lens from the formula: 


. . ‘Fig. 10) 
tae (Fig. 10). 
g F f 
3 | 
|F 





Fig. 10 


As a practical measure, the closer the 
absolute values of the denominators are, 
the closer the vertical lines should be 


| spaced in order to keep the graph on the 


paper. 

Ex. 10. A swimming pool has a pipe 
which brings in the water and a pipe 
which drains it off. The object is to keep 
the water moving constantly. If the pipes 
are not equal and the inflow pipe requires 
10 hours to fill the pool alone while the 
drain would empty it in 6 hours alone, 
how long would it take to drain the pool? 
(Fig. 11). 
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Ex. 11. Every trigonometry book poses 
the problem of finding the height of a cliff 
whose base is inaccessible. Angles of ele- 
vation are read at points A and B and the 
distance AB is measured (Fig. 12). 
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tan A=—; tan B= ‘ 
x xr+d 





Eliminating z between these two equations 
we have 
h h 


= —d 
tan A tan B 





or 
] ] ] 
h/d tan B tanaA 





By the graphic method we may find h/d 
and compute A with very little effort 


(Fig. 13). 
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Ex. 12. It is only natural to continue 
this process to those problems involving 
several terms on the right, some positive 
and some negative. Thus in example 10 
we might have several pipes filling and sev- 
eral pipes draining at the same time. The 
solution is found graphically by combining 
the terms two at a time without repeating. 
For example the filling pipes might require 
x, and 2x2 hours respectively to fill the tank 
alone. The drains might require y; and y-2 
hours to drain the pool alone. The time 
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required to drain the pool would be given 
by: 


and the solution can be formed from Fig. 
14. 
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It is to be noticed that it makes a dif- 
ference only in sign as to whether we take 
the drains or the fills as negative. It is to be 
presumed that the student will have a 
fairly large sheet of graph paper ruled 
inches and tenths. The more involved the 
problem becomes the more time and ef- 
fort are saved by this method. 

Ex. 13. Every high school teacher is 
confronted at one time or another with 
one of those knotty problems which make 
the rounds and whose solution is either 
quite difficult or impossible. One such 
problem is that of the two ladders thirty 
and forty feet long. They are braced at op- 
posite sides of a street and lean against 
windows on the opposite sides. We are 
not told the height of the windows or the 
width of the street but note that they 
cross at a point which is ten feet above the 
ground (Fig. 15). If we note that this is 
the same figure as that of our graphic 
method, we will not have much difficulty. 
First we reduce our scale from 40, 30, 10 
to 4, 3, 1, thus simplifying the computa- 
tion. Since 
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By the Pythagorean relationship 16—a’ 
=z? and 9—b?=2?. By subtraction we 
have a?—b?=7. This can be solved simul- 


b 





taneously with a= “‘ giving b4—2b° 


+7b?—14b+7=0. This is a quartic or bi- 
quadratic equation, but good approximate 
solutions can be obtained by the engineer- 
ing method, involving division by de- 
tached coefficients. a=3.02, b=1.49, 
z=2.60. If we multiply each value by 
10 we have the true dimensions. It is not 
my purpose to explain the engineering 
method, but this is the only practical 
method of obtaining a quick solution and 
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may be taught to any class in high school § 


algebra. It will be received with more en- 
thusiasm and be far more valuable than 
much of the material which now exists in 
such courses. 

The Seventeenth Yearbook of The Na- 














ES FN OS a 
Sie ae eT, 











b 

12 

e 

}3 

i. 

te 

r- @ 
4 

= ‘ 

9, 

vi 

yt 4 


ha 
Re 








throug 
j Ma 


tional Council of Teachers of Mathematics 
outlines this graphic method of solution 
and also gives several other diagrams 
yielding the same solution. Any one with 
a good background in similar triangles 
can make up such diagrams at will, but I 
believe the one outlined to be the most 
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practical. Some others are outlined in Figs. 
16, 17, 18. Figure 18 represents a very inter- 
esting application in navigation. If BC 
represents the ground speed out, and AB 
the ground speed back, and BD the speed 
of the wind, then BF is the radius of ac- 
tion. DC equals AD and is the air speed. 
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Relational Thinking as a Criterion for Success 
in College Mathematics’ 


By J. R. 


Southern Illinois Normal University, Carbondale, Ill. 


THE recent emphasis on evaluation is 
reaching college teachers and is beginning 
to have its effect on college teaching. Al- 
though the college or university curricu- 
lum allows considerable specialization, 
particularly in the last two years, an im- 
portant objective of any college mathe- 
matics course could be to teach relational 
thinking. 

In a discussion of trends in college 
mathematics accompanied and followed 
by illustrations, which indicate the role of 
relational thinking in college mathematics, 
one should find some reasons why rela- 
tional thinking should be used as a cri- 
terion for success in college mathematics, 
and also some indication as to how it can 
be so used. It is hoped that this organiza- 
‘tion will provide more of interest to the 
secondary school teacher than a direct ap- 
proach. A complete discussion of means 
would, of course, have to take into con- 
sideration organization of the course and 
conduct of each class discussion, which in- 
cludes lesson planning and evaluation of 
achievement. 

It seems in place, to start with a con- 
sideration of the relation that teachers of 
or the teaching of college mathematics 
bear to high school teachers. I hope, in 
answering two criticisms of college teach- 
ers, to clear up some possible misunder- 
standings. First, college teachers of mathe- 
matics have sometimes had a bad influ- 
ence on the mathematics of the high 
school, and in the second place, college 
teachers have been guilty of placing too 
much blame on high school teachers for 
the lack of preparation of college students. 
In answering the second, let me say that 


1 Presented before a pre-war meeting of the 
Illinois Association of the National Council of 
Teachers of Mathematics, at Urbana. 
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the college teacher of to-day is coming | ‘ 
more to realize that, that part of the diffi- ; ; 
culty of his students which is due to) ty 
faulty preparation, goes back much far- 7 
ther than the mathematics of the high § " 
school. In fact it goes back to the first op- § t] 
portunity for teaching relational thinking 7 | 
which was neglected. fe 
In answer to the first criticism let me 7 
say that there is much to indicate that 4 + 
college teachers of mathematics in the} ¢j 
university, in the liberal arts college, and) ti 
in the teachers college are realizing the® n¢ 
vital importance of the secondary school f bs 
mathematics and of their understanding of 4 - 
the problems and the difficulties of the® T! 
high school mathematics teacher. There is@ ha 
no better evidence than that provided by® ag 
the Fifteenth Yearbook of the National as 
Council, ‘‘The Place of Mathematics inf} m: 
Secondary Education.’? This Yearbook f 
represents the work of a joint commission m: 
on which we find some men whose first in-# th 
terest is the teaching of college mathe-§ rel 
matics. ho 
As another case in point here, and as aj tar 
matter of great importance to all of us inf tea 
itself, I would like to call attention to the leg 
report of the War Preparedness Commit-§ the 
tee of the American Mathematical Soci ity 
ety and the Mathematical Association off if a 
America.? The work of this group was car tha 
ried on through three sub-committees wa 
Committee on Research, Committee on] sch 
2“The Place of Mathematics in Secondar the 
Education,” Final Report of the Joint Commis thr 
sion of the Mathematical Association of Amerie] ric} 
and the National Council of Teachers of Mathe and 
matics. Bureau of Publications, New York 
1940. cou 
> Report of the War Preparedness Cot 7 
mittee, The American Mathematical Month! of | 
Vol. 47, August-September, 1940, pp. 500-50 ‘ 
See also, Bulletin of the American Mathematics will 
Society, Vol. 46, September, 1940, pp. 711-4. Ha gy 
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Preparation for Research, Committee on 
Education for Service. 

The names of the first two sub-commit- 
tees indicate their objectives. The third 
group was set up to strengthen “under- 
graduate mathematical education in our 
colleges to the point where it affords ade- 
quate preparation in mathematics for 
military and naval services of any na- 
ture.” 

One of the three resolutions, recom- 
mended by the Committee and adopted by 
the Council of the Society and the Board 
of Governors of the Association, is: 
“That all competent students in the sec- 
ondary schools take the maximum amount 
of mathematics available in their institu- 
tions. In the case of many schools, addi- 
tions to the present curriculum will be 
necessary in order to furnish an adequate 


background for the military needs of the 
country.” 


This sub-group on education for service 
has been set up and in the very near future 
a great deal of information for high school, 
as well as for college teachers, should be 
made available. 

I hope that you are interested in the 
mathematics now taught in the colleges, 
the recent trends and the importance of 
relational thinking in all of it. I further 
hope that by no means the most impor- 
tant reason for your interest is that you are 
teaching students who may enroll for col- 
lege mathematics. I would almost prefer 
that your interest come through a curios- 
ity to know of changes and improvements, 
if any, since you were in college. I believe 
that the fine work that is being done to- 
ward improving the teaching of high 
school mathematics is having an effect on 
the teaching of college mathematics 
through students who come to college 
richer in relational thinking experiences, 
and also directly in the planning of college 
courses, 

There are many angles to the problems 
of teaching college mathematics that I 
will be unable to touch upon here. There is 
4 growing literature on the subject, par- 
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ticularly on the mathematics of the junior 
college. The preparation and interests of 
the student present a difficult but impor- 
tant problem. In the organization of 
mathematics courses consideration must 
be given first of all to the needs of the stu- 
dent, particularly in relation to his inter- 
ests in the college. At Carbondale the sec- 
tioning of first year students is based 
largely on their interests. Those who plan 
to continue work in mathematics or sci- 
ence are registered in one course and all 
other students in a second course. This, 
incidentally, provides a fairly satisfactory 
division in relation to ability. 

In this discussion, the first year of col- 
lege mathematics refers to the course of- 
fered in the college or university for gen- 
eral education, or for preparation for more 
advanced work in mathematics, or for 
preparation for teaching mathematics. Al- 
though it may appear that the objectives 
for these different groups are not the same, 
and although in some colleges separate 
courses are offered for them, I believe that 
the discussion to follow may apply to any 
one or all equally well. Certainly for all 
three groups the importance of relational 
thinking cannot be minimized. 

I suppose the most concrete trend in col- 
lege mathematics is that of uniting the 
subject matter of algebra, trigonometry, 
analytic geometry, and even the ele- 
mentary notions of the calculus in a single 
course usually offered under some such 
title as elementary mathematical analysis. 
In such courses, the function concept aids 
in the integration of subject matter usually 
presented in separate courses. In some 
texts this has been very skillfully accom- 
plished. Naturally the amount of integra- 
tion varies greatly in the different texts. 
There is a reference to this trend toward 
unified freshman mathematics in the Fif- 
teenth Yearbook of the National Council. 
It is stated that out of 352 junior colleges 
studied, 143 offered combined courses for 
freshmen.‘ 


*“The Place of Mathematics in Secondary 
Education,” op. cit., p. 153. 
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A further indication of widespread inter- 
est is found from an examination of the 
texts suitable for a unified course which 
have come to our office in the past few 
years. The authors of these texts are on the 
staffs of the following colleges and uni- 
versities: Oregon State College; State 
Teachers College, Montclair, New Jer- 
sey; University of North Carolina; Brown 
University; Iowa State Teachers College; 
University of Chicago; New York Uni- 
versity; George Washington University; 
Swarthmore College; Miami University; 
Michigan State College; University of 
Michigan; University of Washington; 
Texas Technological College; University 
of Illinois. 

A few of these texts go much farther 
from the traditional than that which is 
involved in an integration of algebra, 
trigonometry, and analytic geometry in an 
attempt to provide a course for general 
education. The Joint Commission recog- 
nized this need in stating that “any per- 
son intelligent enough to graduate from a 
junior college presumably should be able 
to carry successfully a course that is 
planned to give both an insight into the 
nature of mathematics and an apprecia- 
tion of its wide and growing importance 
in man’s life.’”> Experimentation with a 
course of this type is highly important. 
Furthermore such experimentation should 
encourage the adoption of relational 
thinking as a criterion for success. 

There are other trends in teaching col- 
lege mathematics, though neither so 
marked nor so widespread, that should 
make the emphasis on relational thinking 
more natural. Outside of the introduction 
of the calculus as a part of a first year 
course, not so much change can be noted 
in this fundamental part of the under- 
graduate mathematics curriculum. I regret 
that I cannot point to a trend toward 
combining the differential and the integral 
calculus into a single course. In my opin- 


’“The Place of Mathematics in Secondary 
Education,”’ op. cit., p. 155. 
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ion such an arrangement aids relational | " 
thinking in connection with some difficult | P 
concepts. pl 
Solid analytic geometry is now more | t} 
frequently introduced in connection with | ¥ 
plane analytic geometry. It seems to me a | ™ 
great pity this is not always done. A sim- | “¢ 
ilar opinion applies to plane and space con- | 
cepts in projective geometry. Projective fu 
geometry can contribute much to the Th 
prospective teacher and to all other 7 Pi 
mathematics majors with the possible ex- | _ 
ception of those who are taking their |" 
major for use in another science. To indi- | '® 
cate that relational thinking is important ) “ I 
in projective geometry, one need only cal! the 
attention to the opportunities presented in J val 
the application of the principle of duality, § °°! 
The content and organization of under- den 
graduate courses in mathematics have ff lege 
been little changed to keep astride of the ful 
most recent advances in mathematics. No | “XP 
more forceful criticism of this has been)" ' 
given than that in a paper by Marie J esth 
Weiss.* Dr. Weiss makes a plea for the in- with 
clusion in the algebra of the senior college The 
of concepts which are of interest to the the | 
working mathematicians of our time. Sheff" * 
points out that “these concepts if well un-§e@4 | 
derstood ‘will give the prospective teacher I bel 
and general student an introduction togP'4" 
the domain of algebra and an understand-§F' “ 
ing of a mathematical system,”’ which t how 
use her words provide, “surprisingly hem 
enough, the scientist some indispensabl A . 
tools for advanced work.” She mention} he - 
among other topics: the calculus opp 
matrices, the elementary properties ofP™at 
groups, and number rings and numbej! 
fields. “hz 
Perhaps partly due to the recommendijy 
tions for preparation of secondary scho0 een 
teachers found in the 1935 report of thggve & 
Commission on the Training and the Uti#e'® PU 
ization of Advanced Students of Mathdg'tor 
matics, appointed by the Mathematiciy °°™ 
Association, one finds the undergradua#™ the 
* Weiss, Marie J. “Algebra for the Und" 
graduate,’ The American Mathematical Mo onthiy 


ly, Vol. 46, 1939, pp. 635-642. 





1) mathematics major, whether or not in 
+ | preparation for teaching, more apt to in- 
clude financial mathematics and statistics 
_ than was true a few years ago.’ Also most 
} | universities fulfill in some manner the 
» recommendation of this Commission for 
“either directed reading or a formal course 
in the history of mathematics and the 
fundamental concepts of mathematics.” 
he & This recommendation is included in the 
Fifteenth Yearbook. 
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ne Il believe that this is easier to do and more 
n tomerequently done, in an elementary analy- 
bandl is course where an attempt is made to 
ch to how the relations through emphasis upon 
ingly hem 
sabia. A very simple case might be made of 
ations he situation in which a student has no 
a particular difficulty in handling a com- 
‘es (ppination of fractions such as 
umbete 1 x 1 sin x 
+——— but is confused by — . 
z xr-] sinzx cosz 
nende 
echou esenting these together should not only 
of thamve time but, also I believe, should give 
e Utigee Pupil a much clearer notion that the op- 
Math ations of arithmetic and algebra are used 
matic combining trigonometric functions of z 
adusale the same manner as other functions of 
Und “Report on the Training of Teachers of 
1 Mo lathematies,”” The American Mathematical 
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xz, an understanding which has much to 
contribute to success. 

Or consider the class which had been as- 
signed exercises in plotting in polar co- 
ordinates. One of the boys, John Jones, 
was successful in plotting the entire list 
and on the following day he could present 
an accurate sketch and a correct table of 
values for any of the curves. Bill Smith, on 
the other hand, had not completed all of 
his graphs. Perhaps this was because he 
had tried to determine for himself, and had 
largely succeeded, why the graph of 
p=sin 36 is a three-leafed rose while the 
graph of p=sin 26 is a four-leafed rose. 
Further he was puzzled by the equations of 
the type p=a+b cos 6 and had attempted 
to formulate some conclusions about the 
relation of the relative sizes of a and b to 
the curves. During the class period Smith 
asked some questions indicating his think- 
ing in terms of relations that greatly stim- 
ulated the class discussion. Now not all of 
us would agree that Jones, the first man, 
is the one who would achieve the greater 
success. In such a case is not relational 
thinking a better criterion for success? 

Let me call your attention to an address 
by the late E. R. Hedrick presented for the 
Slaught Memorial volume of the Monthly.® 
Hedrick emphasizes the use of functional 
thinking from the first application of the 
simplest multiplication combinations up 
through the theory of the functions of a 
complex variable. I agree that in analytic 
geometry it is of primary importance 
“to know how to indicate graphically 
the behavior of relations which are given 
by equations,” and that considerable at- 
tention must by all means be given to rela- 
tions between quantities expressed by such 
simple equations as y=2?, ry=4, y=37, 
and y=sin x. I hope that I don’t disagree 
too much with him when I also value the 
consideration of the general equation of 
second degree and the properties common 

* FE. R. Hedrick, “The Function Concept in 
Elementary Teaching and in Advanced Mathe- 


matics,” The American Mathematical Monthly, 
Vol. 45, 1938, pp. 448-455. 
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to all of the conics. I believe that rela- 
tional thinking involved in the study of 
the general second degree equation can 
contribute an understanding, essential in 
mathematics, in its application and appre- 
ciation. 

Analytic geometry is so completely a 
study of relations that the student who 
has not acquired good habits of relational 
thinking finds this work extremely diffi- 
cult. It is at this point that quite a con- 
siderable number turn to other fields of 
study to which they can adjust their kind 
of thinking more easily. 

The study of the graph of the equation 
y=e* sin z, is not commonly found in 
courses in analytic geometry, nor even in 
the calculus. However, this particular 
equation provides an unusual opportunity 
to teach (and to determine the success of 
past teaching) certain relations in connec- 
tion with the two important functions in- 
volved and the effect of the product of two 
functions. Incidentally, interesting physi- 
cal relations involving the application of 
these functions may also be very profitably 
brought into the discussion. 

In a study of applications of integration 
in the calculus, the treatment of area un- 
der a curve is sometimes followed by the 
discussion of work done by a variable 
force. Along with the ‘‘work” problems, 
an exercise may be included in which stu- 
dents are asked to construct figures and 
show that the work done by a variable 
force can be represented graphically as the 
area under a curve whose ordinates repre- 
sent the force. Frequently students can, 
by following a model, do all of the prob- 
lems assigned on this topic except this one. 
In my opinion the student who can pre- 
sent a good discussion of this particular 
exercise shows that he understands the 
important relations and concepts involved 
in these simpler applications of the inte- 
gral calculus and such an accomplishment 
provides a real test of success. 

A relation, simple to state, e*+1=0, is 
encountered in the second year of college 
mathematics. It has been the source of 
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much inspiration to some very great men. 
David Eugene Smith has made the state- 
ment: ‘‘The formula, e'* = —1, expresses a 
world of thought, of truth, of poetry and of 
religious spirit.”® This relation is an ex- 
tremely compact example which suggests 
that relational thinking could provide a 
criterion for success in college mathemat- 
ies. 

I do not want to leave this phase of the 
discussion without turning to a part of col- 
lege mathematics, referred to above as 
more recently popular—mathematics of 
finance. From the first, accurate thinking 
is required, as for example, in understand- 
ing the relation between simple interest 
and simple discount. 

Later on, the student must certainly 
have an understanding of time and quan- 
tity relations if he solves an equation of 
value; or determines the monthly pay- 
ment, for principal and interest, due on a 
loan of $5000 to build a house; or finds the 
difference in the annual premium on a 20- 
year term and a 20-year endowment in- 
surance policy for a person age 18. 

In college mathematics, too, to measure 
success we must emphasize concepts more 
and mechanics less. The seven concepts 
“basic to problem-solving, crucial in 
democracy, and pervasive in mathemat- 
ics,” which are so adequately discussed in 
‘““Mathematics in General Education,” the 
report of the Commission on Secondary 
School Curriculum of the Progressive Edu- 
cation Association, must also be taught 
through college mathematics.'° 

Fortunate indeed is the mathematics 
teacher who has read the two excellent re- 
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® This quotation is a part of one sentence 
from a statement by David Eugene Smith, 
headed the Science Venerable. It is printed in 
a very attractive form on p. 110 of Scripta 
Mathematica for April, 1938. The statement is 
written in the characters used in a parchment 
document dated 1139. 

10 “Mathematics in General Education.” 
Report of the Committee on the Function of 
Mathematics in General Education, for the 
Commission on Secondary School Curriculum, 
Progressive Education Association, D. Apple- 
ton-Century, Inc. New York, 1940. 
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ports of 1940, and several other fine books, 
by no means the least of which is Mathe- 
matics and the Imagination by Kasner 
and Newman." My sincere sympathy goes 
to the reader insufficiently trained in 
mathematics and relational thinking to 
enjoy that recent book. 

A possible interpretation for this topic 
assigned to me could have been one de- 
voted entirely to methods of constructing 
tests on the college level by means of 
which success in college mathematics 
could be judged upon ability to do rela- 
tional thinking. You are probably well 
aware that not many such tests have been 
prepared for publication. Excellent sam- 
ples of such tests can be found, however, 
for secondary school mathematics, for ex- 
ample in the Ninth Yearbook of the 
Council” or in the PEA report ‘“Mathe- 
matics in General Education.’ Here 

1 Kasner, Edward and Newman, James. 
Mathematics and the Imagination, Simon and 
Schuster, New York, 1940. 

2 “Relational and Functional Thinking in 
Mathemetics.’’ National Council of Teachers, 
of Mathematics, Ninth Yearbook, Bureau of 
a Teachers College, New York, 


8 “Mathematics in General Education,” op. 
cit. Chapter XIII. 


again the high school is leading the college. 

If the most is to be made of relational 
thinking in mathematics more direct at- 
tention must be given to it in the evalua- 
tion program. Could it have a better single 
stimulus than that provided by tests which 
are actually tests of mathematical rela- 
tions? If proper tests in college mathe- 
matics were prepared it should not be 
difficult to use relational thinking, as a 
standard for judging success, beginning 
with the sectioning of students through to 
the final record of the teacher in the A, B, 
C, D, or some other form. The preparation 
of tests of mathematical relations is a 
difficult task but any teacher can improve 
his present output with a little attention 
to such an objective. 

In this brief contact with evidence of in- 
creasing interest in secondary mathe- 
matics on the part of college teachers, with 
a discussion of recent trends in and with 
illustrations from college mathematics, I 
hope that answers to some of the questions 
regarding college mathematics may have 
been found, and with these answers a 
strengthened realization of the need for 
teaching relational thinking in mathemat- 
ics on all levels. 





Army Outlines Pre-Induction Needs to Schools* 


“How can teachers and school administrators help to prepare boys for military service in the 
period prior to induction?’ The War Department answers that question for schools of the nation 
in a new bulletin, ‘Essential Facts About Pre-Induction Training.” 

According to the bulletin, all men faced with induction into the Army need: 


. Physical fitness 
. Basic mathematical and language skills 


Occupational skills 


. Knowledge of and ability to apply scientific principles 


. Appreciation of the cause for which we fight 

. Acquaintance with Army life and training procedures 

. Understanding of principles of health, sanitation, and first aid 

. Knowledge and skill in rifle marksmanship, military drill, and map reading. 

Ww ar Department Bulletin PIT-1, ‘Essential Facts About Pre-Induction Training,”’ 


U. 8. Gov- 


ernment Printing Office, Washington, D. C. 1944. (Prepared by the War Department in cooperation 


with the U. 8. Office of Education.) ° 





The Mechanism of Gravitational Force 


By Emery E. Watson 
Iowa State Teachers College, Cedar Falls, Iowa 


ALTHOUGH it has been known since the 
time of Newton, nearly three centuries 
ago, that bodies attract each other accord- 
ing to the inverse-square law, no explana- 
tion as to how gravitation operates has 
been accepted. However, with our present 
knowledge of matter it would seem that 
some explanation should be _ possible. 
Keeping in mind Newton’s first law of mo- 
tion; namely, “Every body continues in 
its state of rest or uniform motion in a 
straight line unless compelled to alter that 
state by impressed force,”’ let us consider, 
for the purpose of illustration, an atom 
within which the motion is produced by 
the vibration of the nucleus in whole or in 
part, or by the electron as it rotates on its 
axis or as it travels in its orbit around the 
nucleus. The direction of rotation or revo- 
lution of the particles within the atom is 
apparently unimportant since the nucleus 
of the atom may rotate with or in opposi- 
tion to the motion of the electron as is 
evidenced by the position of the spectrum 
lines. 


I. PRODUCTION OF SPHERICAL SPACE 
WavEs 


Since the normal motion of a body in 
space is a straight line, Fig. 1, and the 
path of the motion of the electron or other 
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generating particles is curvilinear, it fol- 
lows that for each vibration, rotation or 
revolution within the atom two or more 
forces must act in opposition. Thus, to 
produce the curvilinear motion of the elec- 
tron some central force must be exerted by 
the nucleus on the given rotating or re- 
volving particle, a central force which con- 
tinually changes the motion of the particle 


from that expressed by Newton’s first law; 
namely, “motion in a straight line,” to 
motion in a closed orbit. As a result of 
these two opposing forces, a somewhat 
spherical shaped field of force lying along 
the path of the electron (or other revolving 
particle) is generated, one surface for each 
revolution of the electron or particle. 


Electron Gs 


Fia. 2 
The Atom 


These successive, concentric, expanding, 
spherical shaped fields of force lie within 
the atom or closely surrounding it. 

Once generated, these successive, spher- 
ical shaped fields of force are assumed to § 
have a radial velocity of 186,000 miles per § 
second, a velocity which is dependent not 
on their origin (i.e. on the velocity of the 
electron, here represented by “‘u’’), but on 
the rate of propagation of space waves. 

Footnote 1. The sum of the magnitudes 
of these radially directed components inf 
these successive spherical fields of force is 
expressed in the pull which creates an 
equatorial bulge of thirteen miles on the 
earth, an even greater equatorial bulge on 
Jupiter, keeps the moon from falling to 
the earth, the innumerable satellites of 
Saturn from falling to the planet and de- 
termines the shape of the Milky Way and 
many other nebulae. On the earth the out- 
ward pull at the equator is about 1/289 of 
the earth’s pull of gravitation at or near 
the surface of the earth. 

2. Every atom is moving through space jj 
with a velocity varying from zero miles 
to several thousand miles per second, and 


70 





THE MECHANISM OF GRAVITATIONAL FORCE 71 


has both linear and curvilinear motion. 
The vibration of the electron is only one 
sourse of motion within the atom. In the 
case of the so-called stripped atoms ofthe 
very dense stars, or in the case of the neu- 
trons which make up the helium stars, the 
gravitational force is apparently not les- 


sened. 


II. THe INTENSITY OF THE EXPANDING 
Frie.p or Force Varies As k/d? 


Since the surface of one of these expand- 
ing spherical fields of force varies directly 
as the square of the distance from the 
atom, the intensity of the field of force 
must vary inversely as the square of the 
distance from the source of generation. 
Hence, if the intensity of this force is the 
measure of attraction between two bodies, 
say, mass A for mass B (or mass B for 
mass A), then Newton’s principle; namely, 
“The attraction between two bodies varies 
inversely as the square of the distance be- 


Fie. 3 
Expanding Field of Force 


tween them,” (that is, 1 =k/d*) is true for 
any two bodies in this field of force. 


III. Toe ATTRACTION VARIES AS THE 
PRopucT OF THE MassEs, 1 =kmym, 


Since each field of force originating at A 
will affect each atom at B which vibrates 
in unison or nearly in unison with the 
atoms at A, and each field of force origin- 
ating at B, in a similar manner will affect 
each atom at A, the effect of A on B is 


just equal to the effect of B on A. Hence 
the combined effect on the two masses 
varies directly as their product, namely, 
mass A times mass B. 

Illustration. Let mass A consist of five 
atoms and mass B consist of two atoms, 


Intensity Varies as the Product 
of the Masses 


and consider that just one spherical wave 
in this field of force is generated by each 
atom. Then each of the two atoms at B 
may be affected by each of the five spher- 
ical waves generated by the atoms at A. 
Hence, if each wave effect, in which the on- 
coming wave is synchronized with the 
motion of the electron, represents a pull, 
then mass A will exert five pulls on each 
of the two atoms at B. In like manner, 
mass B will exert two pulls on each of the 
five atoms at A. That is, in each instance 
the pull of A on B is just equal to the pull 
of B on A. In general, if one mass is repre- 
sented by m, and the other by me, then the 
force between the masses can be repre- 
sented by kmym:. That is, the attraction 
between the masses is proportional to the 
product of the masses. Hence, from II and 
III it follows that the combined effect of 
these fields of force, carried as space 
waves from one body to another, varies 
directly as the product of the masses and 
inversely as the square of the distance be- 
tween them. That is 1=km,m,/d?, which 
is Newton’s law of “universal gravita- 
tion.” 
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IV. THe Motion 1n Atom A 1s TRANS- 
FERRED BY SPHERICAL FIELDS OF 
Force to Atom B 


Two factors enter into the transfer of 
energy from mass A to mass B. 

a. The creation of an expanding field of 

force. 

b. The synchronization of this oncom- 
ing field of force from atom A with 
the motion in atom B, and con- 
versely. 

Illustration. If one of two tuning forks 
having the same pitch is set in vibration, 
the other, although at a considerable dis- 
tance, will vibrate in unison with the first. 
In the transfer of force from mass A to 
mass B there is a fairly close analogy be- 
tween it and the transfer of sound waves 
from one tuning fork to another having 
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Successive Wave 
Fronts from A 


Fig. 5 


Orbital Motion of the 
Electron at B 


the same pitch. In either case, the linear 
velocity of the tuning fork or the orbital 
velocity of the electron here denoted by 
“4”? may be much less than the velocity 
of the particular wave at any intermediate 
point between A and B. However, a fairly 
close synchronization of the S.H.M. at A 
and B is requisite. 

If the electron by its orbital motion cre- 
ates a field of force within or surrounding 
an atom, then the linear distance, con- 
sidered as being traversed along any diam- 
eter of the orbit at an average velocity 
“y’? (not space velocity) is to the cor- 
responding orbital distance traversed by 
the electron at a velocity “wu” (not space 


T 

3° 
It is the radial (linear) velocity rather 
than the orbital velocity of the electron at 
A that is transferred by spherical space 
waves to the electron at B. The average of 
the variable velocities ‘‘v” along any diam- 
eter within the atom is less than the con- 
stant orbital velocities “uw” in the ratio of 


1 to x/2 or 1 to 1.57. Hence u=™p or 


2 
u? = 2.460". 

Since each point in this spherical field 
of force originating at A traverses the 
intervening space at a velocity of 186,000 
miles per second it has the equivalent of 
mass. If this mass equivalent, say m, is to 
be absorbed into an atom at B the work 
(w= 1/2 mv*) done on the atom at B tend- 
ing to drive it away is equal to the kinetic 
energy of m where m is the mass equiva- 
lent of the portion of the field absorbed by, 
the given electron. But if this mass m 
having within the atom B a forward ve- 
locity “v,” is to be absorbed into the motion 
of the electron having an orbital velocity 
“‘y”’ it must be synchronized with the or- 
bital motion of the electron at B both as to 
its period and as to the phase required for 
absorption. Since the velocity ‘v’’ is less 
than the velocity “uw,” the mass “m’” from 
A enters the atom B as a drag upon the 
orbital motion of the electron or vibrating 
unit. To overcome this drag, work must be 
done by the nucleus. But if work is done 
by the nucleus in absorbing this mass 
‘“‘m,” the mass “m”’ of the portion of the 
wave being absorbed must do an equal 
amount of work in the nature of a pull on 
the nucleus. The amount of work to be 
done by the nucleus is expressed by the 
formula, 1/2m(u?—v*). But 1/2m(u?—v*) 
>1/2mv? (the kinetic energy of the im- 


pact), for 1/2m{(F v)*—v*] > 1/2me, or 


1/2m(2.46v?—v?)>1/2mv*? since 1.46>1. 
Hence the energy expanded by the nu- 
cleus in overcoming this drag is greater 
than the kinetic energy of the impact. 
That is, the absorption of the given por- 
tion of each wave in this field of force pro- 


velocity) as 4r is to 2zr or as 1 is to 
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duces, on each atom where the absorption 
takes place, a slight pull (or acceleration) 
in the direction of the oncoming wave 
front. The sum total of these pulls (or ac- 
celerations) in the direction given to the 
atoms at B by the successive absorptions 
from the field of force originating at A, is 
the so-called gravitational pull of A on B. 
Likewise the successive absorptions at A 
from the field of force waves originating at 
mass B is the pull of B on A. The sum 
total of these pulls of A on B and B on A is 
the total pull between the two bodies and 
is expressed by Newton’s Universal Law; 
namely, 1=km,m:/d?. That is, gravita- 
tion is purely a mechanical effect due to 
the spherical space waves and is common 
to all matter. 


V. Fretps oF Force ArE UNOBSTRUCTED 
IN THEIR MOTION THROUGH MATTER 
UNLEss ABSORBED INTO THE 
ATOMS 


That an atom is mostly space is evident 
from the following considerations. The ef- 
fective diameter of the nucleus is about 
10-" em. The effective diameter of the 
atom is about 10-* cm. Hence the distance 
from the nucleus of the atom to the elec- 
tron must be about 100,000 times the di- 
ameter of the nucleus. From such con- 
siderations it is evident that unless some 
portion of these spherical waves or fields 
of force is absorbed into the motion of 
the atom to affect the electron, and only 
properly synchronized wave fronts can be 
so absorbed, their passage from one point 
to another point is only slightly obstructed 
by the presence of matter. As a result, the 
gravitational effect on an atom on the 
near side of an object or on the far side is 


nearly inversely proportional to the square 
of the distance of the given object from 
the source of generation. During a total 
eclipse of the moon or of one of the four 
inner satellites of Jupiter the gravitational 
pull of the sun on these bodies during the 
period of total occultation is so slightly 
diminished that the decrease has not even 
been detected. Hence, we conclude that 
only a very small per cent of these waves, 
from the field of force, are absorbed by the 
earth as they pass through it and there is 
no such thing as a total gravitational 
screen. 


VI. Betow AreE Listep PossiBLE VERI- 
FICATIONS OF THE ABOVE THEORY 


1. During an eclipse of the moon, time 
about two hours or less, the sun’s attrac- 
tion on the moon may be decreased suffi- 
ciently to exhibit a measurable deflection 
of the moon’s path toward the tangent. 

2. During an eclipse of any one of the 
inner four satellites of Jupiter, the sun’s 
attraction on a given satellite may be de- 
creased sufficiently to show a measurable 
deflection toward the tangent. For these 
satellites, the periods of revolution are 
very short and the centrifugal force large. 
The period for Io is only one day and 18 
hours. 

3. The attraction between bodies of dif- 
ferent materials, as wood, copper, gold, 
etc. may or may not be proportional to 
their masses. Hence, two masses may be 
compared by means of an inertia balance, 
and the attraction of a third body for each 
of these bodies compared. Bodies having 
unlike atoms may not meet the condition 
of the inertia balance. 





Important Notice! 


The Regional Meeting of The National Council of Teachers of Mathematics which 
was scheduled for February 23rd and 24th in Cleveland has been called off on account 
of the Government’s request not to schedule such meetings. 





The Mathematics Institute 


By W.S. Scuitaucu 
New York University, New York, N. Y. 


Fo.iow1nc the establishment of public 
school systems in the various states, the 
problem of increasing the efficiency and 
enlarging the outlook of teachers soon 
challenged the attention of state school 
authorities. Among the methods employed 
to raise the level of attainment in the 
teaching body were summer institutes for 
teachers, lasting from four to six weeks. 
From these institutes were evolved schools 
for training of teachers of the public 
schools, known as normal schools, open the 
year round, but attended mainly in the 
spring session. 

The institute idea was not abandoned, 
however, and a one week institute for all 
the teachers of a county was held, usually 
in November. The schools were officially 
closed, and the teachers flocked to the 
county seat, where a series of lectures had 
been arranged by the County Superintend- 
ent, often with school work exhibits, and 
entertaining features. 

These institutes were supposed to pre- 
sent approved methods of teaching, give 
the teachers some idea of recent literature 
dealing with teaching, and inspire the as- 
sembled teachers with enthusiasm for their 
profession. However, as the majority of 
the teachers were usually teachers of all 
subjects in one room schools, the lectures 
on methods were rather vague and general, 
and methods of teaching specific subjects 
were usually lacking. 

With the growth of the high school 
movement in the latter part of the last 
century, the need for wider and more thor- 
ough scholarship for the teaching body, as 
well as a more complete analysis of the 
teaching process led to the establishment 
of teachers colleges, which could supply 
these needs. That teachers generally have 
responded to their increased opportunities 
and demands is shown by the census of 
1940. In that year, the modal preparation 


of the senior high school teachers of the 
United States was a four year college train- 
ing and one year’s graduate work, usually 
with the M.A. degree. The modal Junior 
high school teacher’s training was a four 
year college course. For graded elementary 
school teachers, the modal academic prep- 
aration was graduation from high school 
and two years in college; usually comple- 
tion of a junior college curriculum or two 
years of a four year college course. 

For secondary school teachers, summer 
school courses in teachers’ colleges con- 
tinue to offer professional opportunities 
to teachers working for higher degrees. 
But many teachers who have received de- 
grees at teachers colleges, and many who 
feel that they can not afford the expense 
of attending a full summer session are 
eager to keep abreast of movements in 
education, and in their specialties. For 
such teachers a two weeks summer insti- 
tute presents a welcome opportunity. 

The Institute for Teachers of Mathe- 
matics organized by Duke University un- 
der the direction of Professor W. W. Ran- 
kin has been in existence since the summer 
of 1941, has been attended by teachers of 
mathematics from eleven states, and 
many of them have returned in succeeding 
summers. So enthusiastic are the teachers 
in attendance over the benefits derived 
from the lectures, the mathematics labo- 
ratory, the group studies, and the social 
events and consultations with the group 
leaders, that it seems desirable to give 
some detailed exposition of the Duke plan, 
which may perhaps stimulate the forma- 
tion of mathematics institutes elsewhere. 

The first institute was held from June 17 
to June 20, 1941. It was an experiment, 
covering only four days, but was rich in 
offerings. Professors of Duke, Johns Hop- 
kins, the University of North Carolina, as 
well as some prominent high school teach- 
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‘ers discussed such topics as the fu owing: 
1. Some Practical Problems of Secon- 
dary Mathematics, Whose Solution 
Requires a Knowledge of Algebra and 
Geometry: in Business, in Industry 
and in Science. 
. Mathematical Models and Their Use 
in the Study of Mathematics. 
. Demonstration of the Slide Rule. 
. Field Work and Use of Instruments. 
. Traditional versus’ Unified Mathe- 
matics. 
. The Place of Mathematics in Second- 
ary Education. 
. Mathematics for Students Not Going 
to College. 

The 1943 Institute was expanded to 
cover eleven days, and was held from June 
16 to June 26 inclusive. In this session of 
the institute, the shadow of war was over 
the land, and the application of mathe- 
matics to military affairs, including gun- 
nery, navigation, and aviation under 


leadership to Professor J. M. Thomas of 
Duke was presented under the general 


heading “‘Mathematics for Defense.” 

This was a non-credit course that met 
throughout the institute from 8:00-9:30 
a.m., and was an additional offering for 
those who wanted to know how mathe- 
matics functions in military affairs. 

The regular-institute courses, led by 
Duke Professors, Dr. Wm. Betz of Roch- 
ester, and prominent high school teachers 
again covered such live and interesting 
topics as: 

. A Mathematics Laboratory 

. The Teaching of Relationships 

. The Training of Teachers 

. Keeping the Curriculum up to Date 

. Conflicting Philosophies of Curricu- 
lum Development 

6. The Problem of Ninth Year and 

Tenth Year Mathematics 

Social events helped to make the insti- 
tute enjoyable, and the high schools of the 
state were invited to make exhibits at the 
institute, such as models, maps, instru- 
ments, etc., and a prize of $25 was offered 
to the high school making the best exhibit. 


The i943 Institute for Mathematics. 
Teachers found itself ‘come of age.’’ The 
work was divided into units, and teachers 
in attendance selected the unit with which 
they wished to conduct research and re- 
port findings. Here was the plan that 
made the participants feel that they were 
contributing something of value to the 
profession at large as well as receiving in- 
struction. The mathematics laboratory 
and library under the direction of Profes- 
sor Rankin was open to the Institute mem- 
bers during the entire session, and proved 
a mine of useful source material. 

The Units and their leaders were: 

I Mathematics in Aeronautics—Dr. 
A. 8. Otis, Yonkers-on-Hudson 

II Mathematics in Engineering—Pro- 
fessor J. W. Seeley, of Duke Uni- 
versity 

III Arithmetic in the High School—Dr. 

Wm. Betz, Rochester, N. Y. 
IV Air Navigation—Professor F. G. 
Dressel, of Duke University 

The registration fee was $1 per unit, or 
$3 for all four units. Room and board in 
the Duke University dormitories was $2 a 
day for double room, and $2.50 a day for a 
single room. The time covered by the insti- 
tute from June 14 to 26 thus represented 
living expenses of $26 or at the most $32.50. 

The 1944 Mathematics Institute fol- 
lowed the same structural plan as the 1943 
Institute. This time there were five units, 
with which the teachers aligned them- 
selves for research and special study. 
Again the Mathematics Laboratory and 
Library were in constant use. At the end of 
the sessions reports were made and pub- 
lished in a mimeographed volume “‘Mathe- 
matics Institute High Lights.’ A limited 
number of these are available to those 
interested in the Institute idea. 

Unit I was under the leadership of Pro- 
fessor E. H. C. Hildebrandt of Northwest- 
ern University. “Visual Aids in the Study 
of Mathematics” was the subject, and was 
most thoroughly treated. Professor Hilde- 
brandt showed a wealth of material in- 
cluding slides, models, charts, stereoscopic 
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views and pictures that can be used in 
teaching every branch of secondary school 
mathematics. The unit was warmly 
praised by all the teachers in attendance. 

Unit II. Air and Sea Navigation, leader, 
Professor F. G. Dressel, Mathematics De- 
partment of Duke University. This unit 
covered such topics as “Dead Reckoning 
and Compass Fixing, Compass Errors and 
Simple Victor Problems, Radius of Action, 
and Aircraft to Carrier Problems, Instru- 
ments Used in Navigation.” As part of the 
unit, there was an observation party in 
astronomy, conducted by Professor K. B. 
Patterson of Duke University. It was a 
most informing unit, and the lecture en- 
titled ‘The Celestial Sphere and Time Di- 
agrams”’ clarified concepts that in many 
minds had been hazy. 

Unit III. Post-War Planning of Mathe- 
matics Programs. Leader, Miss Very] 
Schult, Head of Mathematics Depart- 
ment, Division 1-9, D. C. Public Schools. 
Miss Schult organized the teachers of her 
unit into several committees, who devoted 
their time outside the lectures, to studying 
various phases of post-war curriculum 
planning. Some problems considered were: 

1. Arithmetic in the Revised Mathe- 
matics Program. 

2. The Laboratory Method. 

3. How Can We Improve the Teaching 
of the Regular Sequential Course in 
Mathematics? 

4. Where Can We Find the Best Prob- 
lem Material? 

5. The Value of Practical Applications 
in the Study of Mathematics. 

6. Lessons from Observing the Training 
in the Armed Forces. 

The findings are reflected briefly in the 
“Platform” adopted at the end of the ses- 
sion. The clarity of her exposition, and her 
skill in organizing her committees made 
Miss Schult a very valuable leader. 

Unit IV. Consumer Mathematics. Lead- 
er, Professor W. S. Schlauch, of New 
York University. 

This unit considered the mathematics 
useful to the consumer in budgeting the 


family income, providing insurance pro- 
tection, investing his savings, borrowing 
to meet emergencies, installment buying 
and borrowing, and amortizing his old age 
requirements. 

The mathematics needed includes per- 
centage, simple and compound interest, 
annuities, series, probability, elementary 
insurance mathematics, and some invest- 
ment mathematics. The consensus of the 
Institute was that such mathematics could 
be taught adequately only after a course in 
preparation taken by the teacher, in most 
cases, 

Unit V. Applications of Mathematics to 
Engineering. Leader, Professor W. J. 
Seeley, Chairman of Department of Elec- 
trical Engineering of Duke University. 

The lectures of this unit were illustrated 
by apparatus, experiments, and the use of 
machines. The dependence of the engineer 
on mathematics, the measurement of 
speeds, the mathematics of air condition- 
ing, and mathematical computation by 
means of electrical measuring instruments, 
were subjects of the lectures that gave the 
teachers in attendance first hand contact 
with apparatus, computation, and the ab- 
solute necessity for mathematical knowl- 
edge for the engineer. Professor Seeley is a 
remarkably clear and lucid expositor. 

The leisure hours of the teachers were 
provided for by receptions, teas, dances 
and entertainments, in the home of Pro- 
fessor and Mrs. Rankin, in the University 
buildings, and on the campus. 

A copy of the findings of the Institute 
was sent to the Commission on Post-War 
Plans of the National Council of Teachers 
of Mathematics. The platform adopted by 
the Institute contains so many excellent 
suggestions that we give it in full. 


A PLATFORM FOR SECONDARY 
MATHEMATICS 


We believe that in order to promote 
sound growth and development, both in 
teaching and the study of secondary 
mathematics, it is necessary to give heed 
to the following: 
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1. Mathematical libraries for schools 
should be provided with carefully selected 
books for teachers and pupils. They should 
include material on applications, historical 
information, philosophy of mathematics, 
methods books, periodicals, and puzzles. 

2. Mathematical laboratories should be 
set up in different sections of the country, 
available to teachers and pupils through- 
out the school year including the summer. 

3. Materials for the mathematics labo- 
ratory should be chosen with a view to 
make mathematics more meaningful. They 
should serve to develop mathematical 
principles, and to bring out fundamental 
relationships in the fields of business, sci- 
ence, social studies, industry, etc. 

4. We favor a plan for continuously col- 
lecting up-to-date materials that are as 
practical as possible, and for distributing 
them widely for the benefit of mathemat- 
ics teachers. We believe that these prob- 
lems should be available to text book writ- 
ers free from copyright. 

5. We endorse appointment of a com- 
mittee to study and evaluate the most 
worth while multi-sensory aids, with rec- 
ommendations as to their grade-level 
placement, and their best use. 

6. We strongly favor selecting a com- 
mittee to evaluate curriculum studies, in- 
cluding some teachers of secondary mathe- 
matics, several school administrators, a 
teacher of mathematics on the college 
level, a physics teacher, an engineering 
teacher, a business man, an industrialist, 
and a social science teacher. 

7. We are convinced of the great benefit 
accruing to the teacher who participates in 
the work of a mathematics institute. The 
benefits may be summarized as follows: 

(a) Contact with a wide range of source 
materials in secondary mathematics, such 
as books, reports, instruments, models. 

(b) Contact with recognized leaders in 
various fields, 

(c) Participation by the attending 
teachers in groups working along the lines 
of the major topics of the institute. 
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(d) Opportunity for the exchange of 
teaching experiences. 

8. We favor the promotion of such in- 
stitutes throughout the Nation, and rec- 
ommend setting up a committee to study 
the advisability of promoting mathe- 
matical institutes or workshops for teach- 
ers during the summer months. 

9. We recommend that the National 
Council of Teachers of Mathematics select 
a committee to study the question of set- 
ting up a really adequate type of training 
for teachers of mathematics. 

10. We recommend that colleges and 
university offer courses in statistics in 
order that teachers may be prepared to 
teach statistics on the secondary school 
level when feasible. 

11. We recommend that courses in con- 
sumer mathematics be offered in high 
schools after teachers have been prepared 
in college or university for the teaching of 
this subject. 

12. We believe that the Commission on 
Post-War Plans of the National Council of 
Teachers of Mathematics should be en- 
larged to include representatives from: 

(a) College mathematics. 

(b) Science. 

(c) Social studies. 

(d) Business. 

(e) Industry. 

(f) School administration. 

In this way we are confident that the 
influence of the Commission can be greatly 
extended, and the prospects of a wide- 
spread adoption of their recommendations 
by school officials and administrators. 

These twelve thought-provoking planks 
of the Platform should give rise to lively 
discussion and constructive action at the 
next meeting of the National Council of 
Teachers of Mathematics. 

The enthusiasm shown by the partici- 
pants, the excellent lectures, the real work 
done, and the delightful social events 
made the two weeks spent by the author 
in Durham, in early July, a source of de- 
lightful memories. 


Some Thoughts on Placing the Decimal 
Point in Quotients 


By Ciaupe H. Brown 
Central Missouri State Teachers College, Warrensburg, Mo. 


TEACHERS of arithmetic, writers of 
arithmetic textbooks, and writers of books 
on the teaching of arithmetic agree that 
pupils should be taught to solve multipli- 
cation problems which involve decimals by 
multiplying as with integers and then 
pointing off a number of decimal places in 
the product equal to the sum of the num- 
ber of decimal places in the multiplier and 
the multiplicand. There is also general 
recognition of the fact that division is the 
inverse of multiplication. 

It is, therefore, quite surprising to learn 
that there exists now and that for a long 
time there has existed a decided difference 
of opinion among teachers and writers in 
the field of arithmetic concerning the 
proper method of locating the decimal 
point in the quotient in problems where 
division by decimals is involved. 

As long ago as 1917, Monroe reported 
the results of investigations which showed 
that a variety of devices were used for 
locating the decimal point in quotients and 
that the same person even used different 
devices in different types of problems.' 

One of the methods for determining the 
location of the decimal point in a quotient 
which is widely taught at the present time 
is based on the fact that the value of the 
quotient is left unchanged if both dividend 
and divisor are multiplied by the same 
number. Because of this fact, therefore, 
any division problem may be transformed 
into one in which the divisor is an integer 
by multipying dividend and divisor by 
some power of ten. Thus, if we have 1.296 
+ .36, we may multiply both dividend and 
divisor by 100 and have 129.6+36 with- 
out changing the value of the quotient. In 


1 Monroe, W. S., “The Ability to Place 
the Decimal Point in Division,” EZ 
School Journal, 18: 287-293, December, 1917. 
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actual practice this multiplication is not 
performed but the changed position which 
the decimal point would occupy in divi- 
dend and divisor is indicated by a caret as 
follows: 
.36,)1.29,6. 
Pupils taught this method are instructed 
to locate the decimal point in the quotient 
directly above the caret in the dividend 
(Step I) 
3.6 

.36,)1.19,6 

1 08 


21 6 
: a6 
Step I Step II 
and then, after placing the decimal point, 
to divide as with integers (Step II). For 
the sake of brevity, this method will here- 
after be termed the caret method. 

The second widely used method for plac- 
ing the decimal point in quotients is based 
on the fact that division is the inverse of 
multiplication. Teachers who prefer this 
method instruct their pupils to divide as 
with integers and then to point off in the 
quotient a number of decimal places equal 
to the number obtained by subtracting the 
number of decimal places in the divisor 
from the number of decimal places in the 
dividend. Thus, in the problem 1.296 + .36 
=3.6, the number of decimal places in the 
quotient is obtained by subtracting 2 (the 
number of places in the divisor) from 3 
(the number of places in the dividend). 
This is, of course, merely the inverse of 
the procedure used in locating the decimal 
point in a product. This method will here- 
after be termed the subtraction method. 

Kendall and Mirick, as early as 1915, 
stated that the caret method was prefer- 
able because it was the method which was 


.36,)1.29,6 
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least likely to result in error? although they 
did not cite any evidence in support of this 
conclusion. Brown and Coffman, in a book 
published in 1924, advocated use of the 
subtraction method. However, in the 
same book, Brown and Coffman also ad- 
vocated transforming problems involving 
repeated multiplication and division (com- 
monly termed cancellation problems) into 
equivalent problems with integral divisors 
before attempting their solution. 

The most recent books on the teaching 
of arithmetic still show this division of 
opinion concerning the proper procedure 
for division by decimals. Thus Morton 
suggests that pupils be led to formulate 
the rule: The number of decimal places in 
the dividend minus the number in the divisor 
equals the number in the quotient.4 On the 
other hand, Wheat, Taylor,* and Wilson, 
Stone and Dalrymple’ prefer the caret 
method. 

As has been pointed out, no such dif- 
ference of opinion exists with respect to 
multiplication of decimals. In each of the 
books mentioned above, it is suggested 
that pupils be taught to point off a number 
of decimal places in the product equal to 
the sum of the number of places in mul- 
tiplier and multiplicand. Since division is 
the inverse of multiplication, it would 
seem logical to teach the inverse of the rule, 
used in multiplication for locating the 
decimal point in division. This is the pro- 
cedure advocated by Morton. 


* Kendall, Calvin N., and Mirick, Geo. A., 
How to Teach the Fundamental Subjects, New 
York, Houghton Mifflin Co., 1915, pp. 177-179. 

* Brown, Joseph C., and Coffman, Lotus D., 
The Teaching of Arithmetic, Chicago, Row, 
Peterson and Co., 1924, p. 228. 

‘ Morton, R. L., Teaching Arithmetic in the 
Elementary School, Chicago, Silver Burdette and 
Co. 1938, Vol. II, p. 335. 

’ Wheat, Harry G., The Psychology and 
Teaching of Arithmetic, New York, D. C. Heath 
and Co., 1937, pp. 413-417. 

* Taylor, E. H., Arithmetic for Teacher- 
Training Classes, New York, Henry Holt and 
Co., 1937, p. 176. 

7 Wilson, Guy M., Stone, Mildred B., and 
Dalrymple, Charles L., Teaching the New Arith- 
metic, New York, The McGraw-Hill Book Co., 
1939, p. 220. 


What reason is given by the other writ- 
ers for introducing an entirely different 
rule? In every case in which any justifica- 
tion of this practice is attempted, it is on 
the grounds that the caret method results 
in a higher degree of accuracy being ob- 
tained. Yet none of the works quoted pre- 
sent any objective evidence in support of 
this claim. 

One obvious objection to the scheme of 
always transforming division problems 
into problems in which the divisor is an 
integer is the mechanical nature of the 
process. It is very little, if any, easier to 
impart a real understanding of the caret 
rule to a class than to impart an under- 
standing of the subtraction rule. The caret 
method, however, may be taught as a 
trick, a short cut which the child may use 
without understanding why it works. If 
such is the case, despite the apparently 
greater degree of accuracy achieved in 
solving problems in schoolroom situations 
by the caret method, it is certain to 
prove inadequate when the pupil later at- 
tempts to use a slide rule or other comput- 
ing machine, or attempts to solve problems 
involving repeated multiplication and di- 
vision (cancellation problems) or problems 
in which it is inconvenient to write the 
quotient directly over the dividend—in 
short—any of the complex problems 
which are likely to arise in life situations. 
Furthermore, the caret method is accurate 
only if the figures in the quotient are 
placed directly over the proper digits in 
the dividend. This implies a degree of pre- 
cision in writing figures which is difficult 
to obtain when the pupil is striving for 
speed or when his attention is centered on 
the conditions of his problem and not on 
the computation process. In other words, 
even if the caret method is more accurate 
in schoolroom situations, it does not fol- 
low that it will be equally accurate in out- 
of-school situations. 

It is true that there are certain types of 
problems which are apt to cause difficulties 
when the subtraction method is used. 
Problems in which there are more decimal 
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places in the divisor than in the dividend 
may be cited as an example of these more 
difficult types. But this does not necessar- 
ily discredit the method. It is merely evi- 
dence of the fact that no method is, of it- 
self, surety against error. Furthermore, 
the subtraction method, if mastered by 
the student, will serve to locate the dec- 
imal point properly in any situation in- 
volving division by decimals. This is not 
true of the caret method. 

Probably the most significant factor in 
determining the choice of a method for 
locating the decimal point in division is 
the conception of the nature and educative 
function of arithmetic held by the indi- 
vidual making the choice. If arithmetic is 
to be taught merely for its utilitarian val- 
ues, if the only educational purpose to be 
served by the teaching of arithmetic is 
that of developing in the individual the 
ability to compute with reasonable speed 
and accuracy, if an understanding of a 
given process is not essential, then use of 
a purely mechanical procedure like the 
caret method may be permissible. 

If, however, as Morton suggests: 

Arithmetic is conceived as a closely knit sys- 
tem of understandable ideas, principles, and 
processes, and an important test of arithmetical 
learning is an intelligent grasp upon number 
relations together with the ability to deal with 


arithmetical situations with proper compre- 
hension of their mathematical significance. . . .* 


then the more logical subtraction method 
seems to be indicated. That is, if the pri- 
mary function of arithmetic teaching is de- 
velopment of the pupil’s ability to com- 
pute, if no other factors need be consid- 
ered, and if, as claimed, the caret method 
gives a higher degree of accuracy than the 
subtraction method, then the caret meth- 
od might be preferable. If, however, the 
“chief purpose of arithmetic teaching is 


® Morton, R. L., Teaching Arithmetic in the 
Elementary School, Chicago, Silver Burdette and 
Co., 1939, Vol. ITI, p. 13. 


development in the pupil of the ability to 
do quantitative thinking,” if we are con- 
cerned with developing an understanding 
of the different processes and of their rela- 
tionships to one another, then the sub- 
traction method is more desirable. 

It is possible that the most desirable 
approach to the problem of division by 
decimals is through a combination of the 
two methods. That is, the problem may be 
approached by first showing that if the 
divisor is an integer, then the number of 
decimal places in the quotient is exactly 
equal to the number in the dividend. Then 
division by decimals may be presented by 
the caret method. It is then necessary to 
go but one step farther. After the pupil 
has learned to use the caret method with 
confidence, it is only necessary to point 
out that this process is essentially one of 
subtracting the number of decimal places 
in the divisor from the number of places 
in the dividend. However, if the individual 
ever expects to use the slide rule, if he wiil 
ever be called upon to solve the problems 
involving repeated multiplication and di- 
vision which arise in science courses, if it 
will ever be necessary for him to solve 
problems in which it is inconvenient to 
write the quotient directly over the divi- 
dend, then it is essential that this last step 
be taken. 

Furthermore, any rule will soon be for- 
gotten if merely memorized. If, on the 
other hand, the pupil formulates a rule 
based on his own insight into the relation- 
ships involved in a problem, he will not 
forget it so easily. Therefore, in teaching 
division by decimals, as in all arithmetic 
teaching, emphasis must be on under- 
standing and not on mechanical tech- 
niques. Hence, as these facts indicate, the 
subtraction method of locating the dec- 
imal point in quotients is preferable and 
should therefore be taught either in addi- 
tion to, or instead of, the caret method. 
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Adjusting Low Scores 


By G. W. GrossMANn 
. University of North Dakota, Grand Forks, N. D. 


IT 1s a common experience of teachers to 
find after marking the test papers of a 
class, that all the marks are very low. 
Sometimes it is evident that the fault lies 
in the fact that the teacher has made the 
test too difficult, or in some other factor 
which ean not be justly attributed to the 
poor work of the students. When the 
teacher realizes this she desires to adjust 
these marks to equivalent scores which she 
feels are just, and which she can use in 
combination with other marks in making 
up a final grade for the student. 

Several methods of adjusting these low 
scores are being used. Some teachers sim- 
ply add a certain amount to each score. 
This is not satisfactory for the higher 
scores because they become too high. Some 

*have added a fractional part of the differ- 
ence between the low score and one hun- 
dred. This has some merit but it involves 
considerable work and the low scores are 
given a disproportionate advantage. 

A consideration of these conditions has 
developed a procedure that seems to be 


Low 
Scores 


both satisfactory in results and convenient 
to use. 

A graph is used to secure the corrected 
scores which are to replace the low scores 
on the test. By its use corrected scores are 
obtained which are never more than one 
hundred, and which are not unduly in- 
creased. Scores obtained from this graph 
may be arranged in a table and are readily 
available for the adjustment of any low 
score without further calculations. A 
study of the following graph, which is 
based on a three sigma length of the nor- 
mal curve with a half width equal to 90% 
of its height, will reveal how the table is 
obtained. 

After the graph is drawn the “Points of 
Axis” are determined by drawing a 
straight line from the “Low Score” which 
is deemed high enough for passing, 
through the corrected score of seventy- 
five to the top of the graph. 

When the several points of axis are de- 
termined then the only judgment the 
teacher needs to make on certain low test 


Points if Axis 


és 70 





























GRAPH FOR DETERMINING ADJUSTED ScoRES FROM Low ScorEs 
Note: When a score of 60 is judged equivalent to passing then a score of 40 would be adjusted 


to 62 as seen on the normal curve. 
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scores is to decide what score she would 
consider equal to a passing mark, and use 
that score as the point of axis. 

After the point of axis is chosen a line 
from that point to any low score will pass 
through its appropriate corrected score. 

It is apparent that the ratio of the 
length of the line AB to BC is constantly 
changing so that as the low score ap- 
proaches 100 the corrected score also ap- 
proaches 100 and reaches that point si- 
multaneous with it. 

It is also apparent that as a low score 
approaches zero the corrected score is 
reduced so as not to give a disproportion- 
ately large value. There seems to be no 


mathematical proof that the corrected 
scores obtained from the use of the normal 
curve in this graph are the correct ones to 
use. However, they do have a factual basis 
and seem to give acceptable results. 

By use of this graph the following table 
was made which not only gives the cor- 
rected scores for any test whose passing 
score is 50, 55, 60, 65, or 70, but it also 
gives the corrected letter grade when 
scores are given in letters. 

To use the table simply find the low 
score in the first column and then the cor- 
rected score will be found to the right in 
the column headed by the score considered 
equivalent to passing. 





CONVERSION TABLE FOR Low Scores 


Low Score equivalent 
score to passing 
70 65 60 55 50 


100 100 100 100 100 —~= = 100 
99 99 99 99 100 100 
98 98 99 99 99 100 

A 97 98 98 98 99 99 

























































































Low Score equivalent 
score to passing 
7 65 60 50 
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IN A RECENT editorial in The National 
Mathematics Magazine Professor 8. T. 
Sanders said: 


Many teachers are nervously concerned over 
what may be the post-war status of school 
mathematics. The enormous expansion of the 
technical applications of the science under pres- 
sure of war has brought about a world-wide 
strengthening of mathematics in the school 
curriculum. Can this current academic primacy 
of mathematics be made permanent? Such is the 
question raised by those keenly mindful of the 
scant attention paid to this subject by the less 
recent curriculum makers. 

A careful study of the matter should not 
discount the fact that in respect to mathematics, 
the war has served only to bring about greatly 
multiplied uses of mathematics a large propor- 
tion of which were already in existence. For, 
even in pre-war times there had been for many 
years a steadily growing public emphasis upon 
applied mathematics, rather than upon the logi- 
cal or cultural aspects of the science. 

In the light of this definite trend, a trend not 
rooted in any war, it could well be thut the post- 
war school effort should first be directed to 
discovering the mathematical aids or needs of 
all the major peace-time industrial enterprises. 
Cooperative programs initiated between indus- 
try and the schools would then have sounder 
foundations. Who shall say that the cultures of 
mathematics would be impaired by being 
stemmed in its utilities?* 


That great interest is being manifested 
in what place mathematics is to have in 
the schools after the war is evidenced by 
the many discussions that one hears, the 
various articles now appearing in current 
magazines and editorial comment like that 
above. Moreover, as the readers of THE 
MATHEMATICS TEACHER know, The Na- 
tional Council of Teachers of Mathematics 
has appointed a Commission on Post-War 
Plans in mathematics the first report of 
which appeared in THe MATHEMATICS 
TeacHER for May 1944. A second and 
more inclusive report of progress of this 


' Sanders, S. T., “Post-War Planning in 
Mathematies.”” National Mathematics Magazine. 
October 1943, page 2. 
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commission will appear in the May 1945 
issue of this journal. 

The problem about which we are con- 
cerned here is that we do not have agree- 
ment in all quarters as to what should be 
done. We cannot take the space to survey 
all of the recent opinions and articles, but 
a few typical ones will show how the wind 
is blowing. 

After discussing the high place which 
mathematics once held in the schools and 
the poor results in mathematical education 
shown by recent Army reports, Professor 
Harold L. Dorwart says: 


At this point, it may be asked why so many 
of our young people ceased to study mathemat- 
ics some years ago. Many mathematics teachers 
say that it is all the fault of the educationists 
with their half-baked theories of the nontransfer 
of training and of the removal of everything 
difficult from education in order to prevent 
harmful personality development. The retort of 
the educationists is that mathematics teachers 
are just a lot of sadistic drill-masters who do 
more harm than good anyway. I will pass over 
this charge and countercharge in favor of what 
may, it is hoped, be a somewhat more helpful 
point of view. 

But first, let us face the fact that there have 
been, and still are, both poor and poorly pre- 
pared teachers of mathematics, and that they 
have repelled many good students. Many high- 
school principals must be forced to give up the 
idea that anyone who possesses the credits in 
methods-of-education courses specified by law 
is thereby qualified to teach algebra or geometry. 
Also, college presidents and deans should in- 
vestigate carefully the personalities of the in- 
structors assigned to elementary courses. Even 
if the instructor is a recognized authority in his 
field, the conceited, arrogant, show-off type 
(fortunately few in number) should be used else- 
where than in elementary courses. 

I now propose the thesis that, once the re- 
quirements were withdrawn, students ceased to 
study mathematics principally because they did 
not recognize the fundamental role that it plays 
in modern civilization, or that by omitting the 
study of mathematics they were thereby impos- 
ing large restrictions on their future choice of 
profession or employment. In short, they did 
not recognize and usually have not been told 





that, in addition to serving, mathematics is a 
queen in her own right, a queen who will richly 
reward her followers, but only if they follow her 
diligently from their youth through a long 
period of time. even when the going is tough 
and when the path ahead is not always crystal 
clear.? 


Thus far the comments and articles re- 
ferred to have been favorable to mathe- 
matics. However, we must present a typi- 
cal point of view which raises questions as 
to whether mathematics is as important 
in the secondary school as some people 
think. Professor Frank N. Freeman, Dean 
of the School of Education at the Univer- 
sity of California recently said: 


One of the outcomes of the war, in the opin- 
ion of many officers of the Army and Navy and 
of many observant laymen, is the revelation of 
gross inadequacy in the teaching of mathemat- 
ics. The experience of the armed forces and of 
industry is supposed to have shown that vastly 
larger numbers of students should study mathe- 
matics and that they should study more mathe- 
matics—up to and including trigonometry. We 
may look, therefore for a campaign after the 
war, to require the study of mathematics 
through trigonometry by a large share of high- 
school students. If such a campaign is launched, 
it will grow out of an idea that is about as sound 
as the belief that the psychological tests given 
in World War I showed 40 per cent of the male 
population to be morons. 

The reasons that no such conclusion follows 
from the experience of the Army and Navy, not 
to speak of industry, are, first, that the demands 
of the services in wartime are no reflection of 
their demands in times of peace, and, second, 
that the number of men who need straight math- 
ematics to perform duties required of them is 
much fewer than has been implied by the pub- 
lished statements. To say that the schools 
should, in peacetime, give all the preparatory 
training that may be needed in time of war is 
like saying that industry must be kept in con- 
tinual readiness to produce 10,000 planes a 
month. Again, the number of men who acquire 
techniques in the Army or Navy which are 
based on mathematics is vastly greater than the 
number who are required to understand the 
principles of mathematics and their application. 
The same is true of industry. The implied state- 
ment that all the men in the armed forces and 
industry who perform technical operations re- 
quire a knowledge of higher mathematics for 
such performance is the wildest exaggeration. 
The war does not teach that mathematics 
through trigonometry is a practical necessity for 


2 Dorwart, Harold L., ‘‘Mathematics— 
Queen and Handmaiden.” School and Society. 
October 14, 1944, pp. 241-243. 
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a large proportion of men, let alone women. The 
question of the kind and amount of mathematics 
which is good for the average person and should 
be an element in general education still remains 
open.? 


In the same article Dean Freeman pre- 
sents a series of propositions which he 
thinks may be taken as a platform for the 
reorganization of mathematics in general 
education as follows: 


1. Only that mathematics is important for 
general education which the individual will use. 

2. The individual will use only those mathe- 
matical ideas and operations which he has 
learned by or in use. 

3. The individual will actually use only those 
processes that he has mastered and made 
thoroughly familiar to himself. 

4. Understanding is desirable, but it comes 
best through familiar use first, and formal ex- 
planation afterward. 

5. Mathematics may properly be thought of 
as a language—that is as a particular set or 
particular sets of symbols which represent spe- 
cial aspects of reality. 

6. Mathematics is, or contains, a form of 
language which formulates and defines the 
quantitative aspect of experience and, therefore, 
stimulates and largely creates quantitative ideas 
and forms of thought. 

7. To have meaning in the thinking of the 
child or of the ordinary person in general, the 
use of the mathematical symbols and operations 
should be developed in intimate and continual 
association with the real world of experience. 

8. The mathematics for the million is that 
which gives clearer and more effective ways of 
thinking about the real world of experience be- 
cause it has been developed out of this world of 
experience.‘ 


We now come to the main point of our 
problem, namely, how can such appar- 
ently divering points of view be reconciled 
in the post-war years? 

President James Bryant Conant of Har- 
vard University has recently given an ex- 
cellent suggestion. In discussing the reasons 
why the lay critics of secondary education 
talk as they do, President Conant says: 


I am almost tempted to generalize that the 
more educated the person, the less his knowledge 


* Freeman, Frank N. “Teaching Mathemat- 
ies for the Million.”’ California Journal of Sec- 
ondary Education. May 1944, pp. 246-254. See 
also Caswell, H. L., ‘Progressive Education 
Principles Used in the War Effort.’’ Teachers 
College Record. March 1944, pp. 386-397. 

‘ Ibid., pp. 246-254. 
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of secondary school education. Certainly the 
lack of knowledge among the professors of arts 
and sciences in our colleges and universities is 
proverbial. And with lack of information goes 
lack of understanding and lack of sympathy. As 
a result, on more than one campus we have al- 
most a state of civil war between those who pro- 
fess a knowledge of education and those who 
profess a knowledge of subjects which constitute 
a modern educational curriculum. 

This academic war has been in a sense inevit- 
able, as I propose to show by a brief resume of 
history, but to my mind an armistice has been 
for some years overdue. And it is for such an 
armistice that I should like to put in a good 
word this afternoon (and I might remark 
parenthetically that it takes two to make an 
armistice quite as much as to make a quarrel). 
My belief in the need for the cessation of hostili- 
ties comes not only from my general tendency 
to favor pacific methods of handling academic 
controversy, but also because I am really wor- 
ried about the present lay reaction to educa- 
tional matters. I am distressed by both the 
vehemence and the ignorance with which views 
about education are expressed publicly and pri- 
vately by many prominent people. Now we can 
hardly expect the public to have a very clear 
understanding about educational problems when 
education is a house warring against itself. 
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Hence my plea this afternoon for a ‘‘cease firing’ 
order.® 


This is the attitude that we have been 
taking for some time. When teachers of 
secondary mathematics, college mathe- 
matics, supervisors, administrators and 
general educationists sit down around the 
table to discuss what for all of them should 
be a common problem, then we can hope 
for some practical solution of what shall 
constitute general education in the post- 
war years. A good preparation for such a 
procedure for all those who are interested 
in what the content of post-war mathe- 
matics should be is a most careful reading 
of the entire articles referred to above as 
well as of some which we have not had 
space to mention. 


W. D. R. 


5 Conant, James Bryant, ‘‘A Truce Among 
Educators,” Teachers College Record. December 
1944, pp. 157-163. 
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A meeting of the Mathematics Section of the 
Winnipeg Teachers Convention was held in the 
Kelvin Technical High School, Friday, Novem- 
ber 24. D. McLeod, Daniel McIntyre, Collegiate, 
presided. The secretary was Miss C. Wood, 
General Wolfe School. 

Papers were read by J. G. Johannsson, also 
of the Collegiate, and by H. E. Riter of the 
Provincial Normal School. The topics were (1) 
“The Grade XI Mathematics Examination” 
and (2) “The Development of Reflective Think- 
ing through Problem Solving.” 

The first speaker advocated the elimination 
of useless and “dead wood” material from the 
algebra course. He dealt with questions selected 
from'examination papers and showed how many 
improvements could be made. 

Mr. Riter gave a lengthy and interesting 
paper on reflective thinking as applied to mathe- 
matical and every day situations. Many ques- 
tions in mathematics are done by rule which 
should really be thought out. In algebraic prob- 
lems analytic dependence might be used to great 
advantage, while in geometry the use of con- 
verses, inverses,.contrapositives and syllogistic 
reasoning should be emphasized. He referred his 
audience to (1) The Thirteenth Year Book of 
the National Council of Teachers of Mathe- 
matics, which deals with ‘The Nature of Proof” 
and (2) several articles in THe MATHEMATICS 
TeacHerR. A vote of thanks was passed. 
D. MeLeod. 





The third meeting of the Men’s Mathe- 
matics Club of Chicago and The Metropolitan 
Area on December 15 was devoted to an open 
form on the topics “I Say What I Think.” 

Discussions of special teaching techniques, 
reviews of books or magazine articles, recrea- 
tional mathematics, personal reminiscences of 
_— teachers, etc., were in order. Every mem- 

sr considered himself a potential speaker. 

The Annual Meeting of the Mathematics 
Section of the Arkansas Education Association 
was held at the Senior High School, Little Rock, 
Arkansas on November 14, 1944. Lt. Col. Jay 
Dykhouse, Chief, Pre-Induction Training 
Branch Military Training Division, of Dallas, 
Texas was the guest speaker. Dr. Harry I. 
Lane of Hendrix College, Conway, is President 
and Mr. W. E. Shelton, North Little Rock is 
secretary. The newly elected officers for the 
carey Pmser are Mrs. Joe Goetz of North Little 
Rock, President, and (Miss) Elizabeth McHenry 
of Little Rock, Secretary. 





Little, Brown & Company announces that it 
has recently decided to discontinue publication 
of school and college textbooks, including At- 
lantic Monthly Press textbooks, and has sold 
to D. C. Heath and Company of Boston its ac- 
tive textbook list. 

Plans are under discussion between D. C. 
Heath and Company, Little, Brown & Com- 
pany, and the Atlantic Monthly Press whereby 


textbooks issued by D. C. Heath and Company, 
which have trade edition possibilities, will be 
handled in trade editions os Little, Brown & 
Company, trade books or manuscripts originat- 
ing at Little, Brown & Company-and the At- 
lantic Monthly Press, which have textbook pos- 
sibilities, will be handled in textbook editions 
by D. C. Heath and Company. 





The University of Chicago presented a series 
of public lectures on ‘‘Mathematics and the 
Imagination” at 4:30 p.m. in Room 122, 
Social Science Research Building, 1126 East 
Fifty-ninth Street. 

January 16—“Imagination in Mathematics.” 
Epwarp Kasner, Professor of Mathematics, 
Columbia University 
January 17—“Imagination in Mathematics’”— 
Continued. Epwarp Kasner, Professor of 

Mathematics, Columbia University 
January 18—‘‘Mathematics and the Visual 

Arts.”” Witi1am Ivins, Jr., Counselor, 

Metropolitan Museum of Art, New York 
January 23—‘Mathematics and the Visual 

Arts’’—Continued. Wittiam Ivins, Jr., 

Counselor, Metropolitan Museum of Art, 

New York 
January 25—‘‘Mathematics and the Laws of 

Thought.” Mitton SincEr, College of the 

University of Chicago 


January 30—“On Poetry and Mathematics.” 
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Scotr BucHanan, Dean, St. John’s College, 
Annapolis 

February 1—‘‘Mathematical Mysticism and 
Mathematical Natural Science.” Ernst 
CasstrER, Professor of Philosophy, Colum- 
bia University 

February 6—‘‘ Music and Mathematics.’”?’ Man- 
FRED F. Buxorzer, Associate Professor of 
Music, University of California 

February 8—‘‘The Biological Basis of Imagina- 
tion.”” Ratpo Waupo Gerarp, Professor of 
Physiology, University of Chicago 





The Fourth Meeting of the Men’s Mathe- 
matics Club of Chicago and the Metropolitan 
Area was held on Jan. 19th. Professor Chester 
Willard of Northwestern University spoke on 
“Education of Veterans” and Professor G. E. 
Moore of the University of Illinois spoke on 
“Mathematics in the Post-War World.” 

The following joint program of the Science 
and Mathematics Teachers of the Middle States 
Association of Colleges and Secondary Schools 
and Affiliated Associations was given at the 
Hotel New Yorker in New York City on 
Saturday, November 25th: 


ASSOCIATION OF SCIENCE TEACHERS 
OF THE MIDDLE STATES 
President—Ivor GruirritH, Philadelphia Col- 

lege of Pharmacy and Science 
Vice-President—E.mer Fie.p, South Philadel- 
phia Girls High School 
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Success is not uniform, as we might expect. But 
it is to be noted that, in general, the instructors 
who use a cultural textbook for the cultural 
terminal student are not dissatisfied. Further- 
more, two-thirds of the students using a cultural 
textbook indicated that their interest in mathe- 
matics had changed and nearly sixty per cent 
of these students indicated that general mathe- 
matics was more interesting than the traditional 
mathematics of high school. Some people are 
making friends for mathematics! 
Purp L. Smirx 


Elementary Statistics and Applications. By James 
G. Smith and Scheson J. Duncan. McGraw- 
Hill. 1944. vii+720 pages. Price, $4.00. 


This new book is a text for a first course in 
general statistics. It gives methods of summar- 
ization and comparison, frequency distribution, 
the normal curve, simple linear and nonlinear 
correlation, multiple and partial correlation, 
time series analysis and forecasting. The mathe- 
matical and theoretical approach is emphasized 
and considerable attention is given to the funda- 
mentals of the theory of statistics and to 
practical applications. The book also includes 
recent advances in the field. 

The authors are teachers of statistics of 
years of experience and the book is the final 
compilation of material that was used in mimeo- 
graph form in their classes and continuously re- 
vised over the years. 

w. oo. BR. 


Industrial Series. by John W. Breneman. Me- 
Graw-Hill. 1944. Second Edition. xii+221 
pp. Price, $1.75. 


This book was prepared under the direction 
of the Division of Engineering of the Pennsyl- 
vania State College. The first edition was found 
to be helpful in courses given under the Engi- 
neering, Science, and Management War Train- 
ing program. The second edition differs mainly 
from the first in changes due to suggestions from 
teachers who used the latter and in the addition 
of a large number of problems from a variety of 
sources. 

On the whole the work is rather elementary 
as far as basic principles are concerned and is 
easily within the grasp of ninth and tenth grade 
pupils. Some of the applications are different 
from those found in conventional texts, but they 
are not too difficult to solve. 

W. D. R. 
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Nautical Mathematics and Navigation. By 8. A. 
Walling, J. C. Hill and C. J. Rees. Cam- 
bridge Press. 1944. ix-+221 pp. Price, $2.00. 


According to the authors this book was de- 
signed to help those who have become ‘‘rusty” 
in their knowledge of the elementary principles 
of mathematics and their nautical application. 
It is also intended to stimulate new interest in 
those who found their earlier work in mathemat- 
ics hard or distasteful. The main purpose of the 
book is to enable the reader to apply the funda- 


mental rules of the subject to the many interest- § 


ing and important problems of seamanship. 
Ww. Do: R. 


Today’s Geometry. By David Reichgott and 
Lee R. Spiller. Prentice-Hall. 1944. xvi +400 
pp. Price, $1.96. 


This book is a revised edition of an earlier 
one. It keeps formal demonstration at a mini- 
mum and is a logical development and enlarge- 
ment of the original text with special emphasis 
on some of the newer trends. New material 
dealing with global maps (Chapter V) and with 
vectors and air navigation (Chapter VI) are 
made an integral part of the book. 

There is also a “refresher” section intended 
to restore skills in arithmetic and algebra. 
Numerous illustrations help to make the content 
material more interesting and helpful. 
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Pre-Service Course in Machine Science. By 
Samuel H. Lebowitz. John Wiley and Sons 
1943. vi+440 pp. Price, $2.50. 


This book was prepared at the request of the 
War Department and the U. 8. Office of Educa 
tion in conformance with the official pre-induc- 
tion training course outline No. PIT102. It 
gives that subject matter required in the course 
on Fundamentals of Machines. The text is di- 
vided into 14 chapters conforming in content t 
the corresponding sections of the syllabus. It i: 
intended to cover the work of a one-semeste! 
course. 

Students who have the interest and the wil 
to master the contents of this book will fin¢ 
themselves equipped with a great deal of basit 
knowledge and ability to analyze and under 
stand various types of mechanisms. 


W. D. R. 
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